ICRISAT Annual Report 1984 by ICRISAT, -

Cover: Seeds of l C R I S A T mandate crops showing the wide range of diversity in germplasm
accessions assembled in our gene bank.
ICRISAT
ANNUAL REPORT 1984
International Crops Research Institute for the Semi-Arid Tropics
ICRISAT Patancheru P.O., Andhra Pradesh 502 324, India
1985
Published by
International Crops Research Institute
for the Semi-Arid Tropics
ICRISAT Patancheru P.O.
Andhra Pradesh 502 324, India
The Internat ional Crops Research Inst i tute for the Semi-Ar id Tropics is a nonpro f i t scientific educational insti tute receiving
support f r o m donors through the Consultat ive Group on Internat ional Agr icu l tu ra l Research. Donors to I C R I S A T include
governments and agencies of Austra l ia , Belgium, Canada, Federal Republ ic of Germany, F in land , France, Ind ia , I ta ly , Japan,
Netherlands, Niger ia, Norway, People's Republic of China, Sweden, Switzer land, Uni ted K ingdom, Uni ted States of Amer ica ,
and of the fo l lowing internat ional and private organizations: Asian Development Bank, In ternat ional Development Research
Centre, Internat ional Fert i l izer Development Center, Internat ional Fund for Agr icu l tu ra l Development, The European Eco-
nomic Commun i t y , The Fo rd Foundat ion , The Leverhulme Trust , The Opec Fund for In ternat ional Development, The
Popula t ion Counc i l , The Rockefeller Foundat ion , The W o r l d Bank, and the Uni ted Nat ions Development Programme.
Responsibi l i ty fo r the in fo rmat ion in this publ icat ion rests w i t h I C R I S A T . Where trade names are used this does not consti tute
endorsement of or d iscr iminat ion against any product by the Inst i tute.
The correct c i ta t ion fo r this report is I C R I S A T ( Internat ional Crops Research Inst i tute for the Semi -Ar id Tropics) . 1985. Annua l
Repor t 1984. Patancheru, A . P . 502324, Ind ia : I C R I S A T .
I C R I S A T ' s m a n d a t e i s t o :
1 . S e r v e a s a w o r l d c e n t e r f o r t h e i m p r o v e m e n t o f g r a i n y i e l d a n d q u a l i t y o f s o r g h u m , m i l l e t ,
c h i c k p e a , p i g e o n p e a , a n d g r o u n d n u t a n d t o a c t a s a w o r l d r e p o s i t o r y f o r t h e g e n e t i c
r e s o u r c e s o f t h e s e c r o p s ;
2 . D e v e l o p i m p r o v e d f a r m i n g s y s t e m s t h a t w i l l h e l p t o i n c r e a s e a n d s t a b i l i z e a g r i c u l t u r a l
p r o d u c t i o n t h r o u g h m o r e e f f e c t i v e u s e o f n a t u r a l a n d h u m a n r e s o u r c e s i n t h e s e a s o n a l l y
d r y s e m i - a r i d t r o p i c s ;
3 . I d e n t i f y c o n s t r a i n t s t o a g r i c u l t u r a l d e v e l o p m e n t i n t h e s e m i - a r i d t r o p i c s a n d e v a l u a t e
m e a n s o f a l l e v i a t i n g t h e m t h r o u g h t e c h n o l o g i c a l a n d i n s t i t u t i o n a l c h a n g e s ; a n d
4 . A s s i s t i n t h e d e v e l o p m e n t a n d t r a n s f e r o f t e c h n o l o g y t o t h e f a r m e r t h r o u g h c o o p e r a t i o n
w i t h n a t i o n a l a n d r e g i o n a l r e s e a r c h p r o g r a m s , a n d b y s p o n s o r i n g w o r k s h o p s a n d c o n f e r -
e n c e s , o p e r a t i n g t r a i n i n g p r o g r a m s , a n d a s s i s t i n g e x t e n s i o n a c t i v i t i e s .
I C R I S A T ' s Objectives
T h i s A n n u a l R e p o r t c o v e r s t h e 1984 c a l e n d a r y e a r . I t i n c l u d e s w o r k d o n e a t I C R I S A T C e n t e r
n e a r H y d e r a b a d , I n d i a , a t r e s e a r c h s t a t i o n s o n t h e c a m p u s e s o f a g r i c u l t u r a l u n i v e r s i t i e s i n
d i f f e r e n t c l i m a t i c r e g i o n s o f I n d i a , a n d a t n a t i o n a l a n d i n t e r n a t i o n a l r e s e a r c h f a c i l i t i e s i n n i n e
c o u n t r i e s o f A f r i c a , M e x i c o , S y r i a , a n d P a k i s t a n w h e r e I C R I S A T s c i e n t i s t s a r e p o s t e d .
T h e c r o p i m p r o v e m e n t p r o g r a m s a r e p r e s e n t e d a s i n t e r d i s c i p l i n a r y r e p o r t s o n p r o b l e m
a r e a s t o b e t t e r r e f l e c t t h e i n t e r a c t i v e n a t u r e o f o u r s c i e n t i s t s ' w o r k . R e s e a r c h d o n e b y o u r
s c i e n t i s t s a n d c o o p e r a t i v e p r o g r a m s o u t s i d e I n d i a i s r e p o r t e d w i t h t h e r e l e v a n t c r o p o r
d i s c i p l i n e . D e t a i l e d r e p o r t i n g o f t h e e x t e n s i v e a c t i v i t i e s o f I C R I S A T ' s m a n y r e s e a r c h s u p p o r t
u n i t s i s b e y o n d t h e s c o p e o f t h i s v o l u m e , b u t a c o m p r e h e n s i v e c o v e r a g e o f I C R I S A T ' s c o r e
r e s e a r c h p r o g r a m s i s i n c l u d e d . M o r e d e t a i l s o f t h e w o r k r e p o r t e d h e r e a r e g i v e n i n i n d i v i d u a l
p r o g r a m p u b l i c a t i o n s , a v a i l a b l e f r o m t h e r e s e a r c h p r o g r a m c o n c e r n e d . O f f p r i n t s o f i n d i v i d u a l
s e c t i o n s o f t h i s A n n u a l R e p o r t a l s o a r e a v a i l a b l e f r o m t h e p r o g r a m s .
I C R I S A T n o w uses S I u n i t s i n i t s p u b l i c a t i o n s . T h e S I ( S y s t e m e I n t e r n a t i o n a l d ' U n i t e s )
p r o v i d e s a n i n t e r n a t i o n a l l y a c c e p t e d a n d r e l i a b l e w a y o f e x p r e s s i n g q u a n t i t i e s t h a t i s c l e a r a n d
p r e c i s e . T h r o u g h o u t t h i s R e p o r t , t h e v a r i a b i l i t y o f e s t i m a t e s i s s h o w n b y i n c l u d i n g s t a n d a r d
e r r o r ( S E ) ; o n g r a p h s r e p r e s e n t i n g t h e m e a n o f s e v e r a l o b s e r v a t i o n s , t h e s t a n d a r d e r r o r i s
s h o w n b y a b a r ( I ) . I n d i s c u s s i n g l eve l s o f p r o b a b i l i t y i n t h e t e x t , s i g n i f i c a n c e i s g e n e r a l l y
m e n t i o n e d a t t h e 5 % l e v e l ; w h e r e t h e l e v e l d i f f e r s , i t i s i n d i c a t e d p a r e n t h e t i c a l l y . L e v e l s o f
p r o b a b i l i t y a r e s h o w n i n t a b l e s b y a s t e r i s k s : * f o r P < 0 . 0 5 , * * f o r P<0.01, a n d * * * P < 0 . 0 0 1 .
U n l e s s o t h e r w i s e s p e c i f i e d , a v a i l a b l e p h o s p h o r u s ( P ) , r e f e r s t o t h e a m o u n t o f p h o s p h o r u s
e x t r a c t e d f r o m s o i l b y O l s e n ' s m e t h o d , u s i n g 0 .5 m o l a r N a H C O 3 a s t h e e x t r a c t a n t .
T h i s y e a r , f o r t h e f i r s t t i m e , w e a r e l i s t i n g I C R I S A T p l a n t m a t e r i a l s n a m e d b y t h e I n s t i t u t e
P l a n t M a t e r i a l R e l e a s e C o m m i t t e e . N a m e d m a t e r i a l a p p e a r s i n t h e t e x t b y i t s n e w n a m e
f o l l o w e d b y i t s o r i g i n a l n a m e i n p a r e n t h e s e s a t t h e f i r s t m e n t i o n . A f u l l l i s t i n g a p p e a r s o n p a g e s
x x i i i a n d x x i v .
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I n t r o d u c t i o n
I C R I S A T m a d e f u r t h e r p r o g r e s s t h i s y e a r i n u n d e r s t a n d i n g t h e m e c h a n i s m s o f
d r o u g h t — a n d h o w t o l e s s e n i t s d e v a s t a t i n g e f f e c t s — a s w e l l a s i n d e v e l o p i n g
p l a n t l i n e s r e s i s t a n t t o t h o s e o t h e r b a n e s o f f a r m e r s : d i s e a s e s , i n s e c t s , a n d
w e e d s . S o l v i n g t h e s e p r o b l e m s h o l d s t h e k e y t o i n c r e a s i n g f o o d p r o d u c t i o n
t h r o u g h o u t t h e s e m i - a r i d t r o p i c s ( S A T ) . T h e b e s t h i g h - y i e l d i n g v a r i e t i e s a n d
h y b r i d s w i l l m e a n l i t t l e t o r e s o u r c e - p o o r f a r m e r s o f t h e S A T i f t h e y c a n ' t
w i t h s t a n d a n d o v e r c o m e t h e e n v i r o n m e n t a l a n d b i o l o g i c a l s t r e s s e s c o m m o n t o
t h e r e g i o n .
A t I C R I S A T C e n t e r , i n I n d i a , w e h a v e d e v e l o p e d s e v e r a l t e c h n i q u e s t h a t a r e
s u f f i c i e n t l y w e l l - p r o v e n t o b e u s e d b y I C R I S A T s c i e n t i s t s w o r k i n g i n A f r i c a
a n d e l s e w h e r e t o t e s t m a t e r i a l u n d e r t h e i r e n v i r o n m e n t a l c o n d i t i o n s . T h e w o r k
o n s e e d l i n g e m e r g e n c e t h r o u g h s o i l c r u s t s — v i t a l t o f i n d i n g m a t e r i a l s u i t e d t o
t h e h a r s h c o n d i t i o n s i n S a h e l i a n A f r i c a , w h e r e e a r l y e s t a b l i s h m e n t c a n b e a 
s a l v a t i o n — l e d t o t h e d e v e l o p m e n t o f a t e c h n i q u e t h a t w a s u s e d t h i s y e a r t o
e v a l u a t e p e a r l m i l l e t f r o m s i x S a h e l i a n c o u n t r i e s a n d f r o m t w o c o u n t r i e s i n
s o u t h e r n A f r i c a . W e a l s o u s e d a t e c h n i q u e d e v e l o p e d a t I C R I S A T C e n t e r t o
s c r e e n f o r e m e r g e n c e i n h i g h s o i l s u r f a c e t e m p e r a t u r e s a n d f o u n d s o m e b r e e d -
i n g l i n e s t h a t h a d a t o l e r a n c e e q u a l t o t h a t o f o n e o f t h e b e s t l o c a l c u l t i v a r s i n
W e s t A f r i c a . T h e s e f i n d i n g s w i l l l e a d t o f u r t h e r i m p r o v e m e n t s i n t h e f o o d c r o p s
g r o w n t h e r e .
W h i l e I C R I S A T C e n t e r r e m a i n s t h e f o c a l p o i n t f o r b a s i c r e s e a r c h i n t h e
b a t t l e a g a i n s t d r o u g h t , t h e S a h e l o f A f r i c a i s t h e f r o n t l i n e . G o o d r e s u l t s w e r e
r e p o r t e d t h i s y e a r f r o m t h e I C R I S A T S a h e l i a n C e n t e r ( I S C ) n e a r N i a m e y ,
N i g e r , w h e r e r e s e a r c h h a s b e e n u n d e r w a y f o r o n l y 3 y e a r s . I n a y e a r o f r e c o r d
l o w r a i n f a l l a t N i a m e y — 2 5 0 m m c o m p a r e d w i t h a n o r m a l 5 7 0 m m — c a r e f u l
a g r o n o m i c m a n a g e m e n t y i e l d e d g o o d r e s u l t s w i t h m i l l e t a n d c o w p e a . G r a i n
y i e l d s a t t h e S a h e l i a n C e n t e r a v e r a g e d f o u r t o f i v e t i m e s a s m u c h a s o n l o c a l
f a r m s .
i x
XPoor crop establishment is a major problem in the hot , sandy soils of the Sahel (above). I C R I S A T
scientists are developing techniques (below), to identify lines that can survive crusted soils and grow under
such condit ions.
I n t h e S u d a n , w h e r e d r o u g h t w a s e s p e c i a l l y s e v e r e t h i s y e a r , a n I C R I S A T -
d e v e l o p e d s o r g h u m h y b r i d a n d a p e a r l m i l l e t v a r i e t y d i d r e m a r k a b l y w e l l . T h e
G o v e r n m e n t e x p e c t s t o d i s t r i b u t e s e v e r a l t h o u s a n d t o n n e s o f s e e d o f t h e
h i g h - y i e l d i n g s o r g h u m h y b r i d , H a g e e n D u r r a 1 , t o f a r m e r s f o r p l a n t i n g n e x t
y e a r . I C R I S A T ' s p e a r l m i l l e t , U g a n d i , e s c a p e d d r o u g h t e f f e c t s d u e t o i t s
e a r l i n e s s a n d h a s a l s o a t t r a c t e d t h e a t t e n t i o n o f S u d a n e s e f a r m e r s .
D i s e a s e s a r e a m a j o r c o n s t r a i n t t o c r o p p r o d u c t i o n . T h e t y p i c a l f a r m e r i n t h e
S A T h a s v e r y l i m i t e d m e a n s t o c o u n t e r t h e m . A s r e p o r t e d o v e r t h e l a s t 2 y e a r s ,
I C R I S A T n o w h a s l i n e s w i t h m u l t i p l e r e s i s t a n c e s i n a l l i t s c r o p s . D u r i n g 1 9 8 4 ,
f o r e x a m p l e , o u r P l a n t M a t e r i a l R e l e a s e C o m m i t t e e n a m e d f o u r p e a r l m i l l e t
l i n e s w i t h s t a b l e a n d c o m b i n e d r e s i s t a n c e t o t h r e e m a j o r d i s e a s e s — e r g o t , s m u t ,
a n d d o w n y m i l d e w — a s a n a i d t o b r e e d e r s i n n a t i o n a l p r o g r a m s .
I n v e s t i g a t i o n s o f m u l t i p l e - d i s e a s e r e s i s t a n c e i n p i g e o n p e a l e d t h i s y e a r t o
i d e n t i f y i n g s o m e l i n e s w i t h c o m b i n e d r e s i s t a n c e t o a s m a n y a s f o u r d i s e a s e s . I n
s i m i l a r w o r k w i t h c h i c k p e a , c o m b i n e d r e s i s t a n c e t o w i l t — a m a j o r d i s e a s e —
a n d t w o d i f f e r e n t r o o t r o t s w a s i d e n t i f i e d . B r e e d i n g s t o c k s o f s o r g h u m n o w
a v a i l a b l e f r o m I C R I S A T c a r r y h i g h l e v e l s o f r e s i s t a n c e t o m i d g e a n d d o w n y
m i l d e w .
ICRISAT-developed sorghum hybrid Hageen Durra 1 performed well in the 1984 Sudan drought. Its
seed is being multiplied for increased planting.
x i
Groundnut line at right resists foliar diseases, while that at left is susceptible. Progress has been made in
incorporating multiple resistances in all I C R I S A T crops.
S e v e r a l I C R I S A T l i n e s i d e n t i f i e d e a r l i e r f o r d i s e a s e r e s i s t a n c e m o v e d a h e a d
i n t e s t i n g b y n a t i o n a l p r o g r a m s . T w o r u s t - r e s i s t a n t g r o u n d n u t l i n e s w e r e
p r o m o t e d t o a n a d v a n c e d s t a g e i n m u l t i l o c a t i o n a l t e s t s o f t h e I n d i a n n a t i o n a l
p r o g r a m . A n o t h e r I C R I S A T g r o u n d n u t g a v e t h e t o p y i e l d — a v e r a g e d o v e r
e i g h t l o c a t i o n s — i n d i s e a s e - r e s i s t a n c e t r i a l s o f t h e I n d i a n p r o g r a m , w h i l e e i g h t
n e w l i n e s w e r e e n t e r e d f o r s i m i l a r t r i a l s .
A l o n g w i t h d r o u g h t a n d d i s e a s e s , i n s e c t a n d w e e d p e s t s a r e m a j o r y i e l d
r e d u c e r s i n f o o d c r o p s . B e c a u s e c h e m i c a l c o n t r o l i s b e y o n d t h e r e a c h o f m a n y
f a r m e r s , I C R I S A T ' s i n i t i a l w o r k i n c o m b a t i n g t h e m f o c u s e d o n b r e e d i n g f o r
n a t u r a l r e s i s t a n c e . B u t t h e e m p h a s i s h a s n o w s h i f t e d t o i n t e g r a t e d p e s t m a n a g e -
m e n t , w i t h d u e a t t e n t i o n t o p e s t s u r v e y s , m o n i t o r i n g o f p o p u l a t i o n s , b i o l o g i c a l
c o n t r o l t h r o u g h p a r a s i t e a n d p r e d a t o r s t u d i e s , a n d i m p r o v e d a g r o n o m i c p r a c -
t i c e s , i n c l u d i n g m e t h o d s o f a p p l y i n g p e s t i c i d e s . I m p o r t a n t p r o g r e s s w a s m a d e
o n a l l t h e s e f r o n t s d u r i n g 1 9 8 4 .
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I C R I S A T ' s G e n e t i c R e s o u r c e s U n i t a d d e d 4 9 7 5 n e w a c c e s s i o n s o f o u r
m a n d a t e c r o p s , a n d 4 0 8 o f m i n o r m i l l e t s , t o o u r g e n e b a n k t h i s y e a r , b r i n g i n g
t h e t o t a l a c c e s s i o n s t o m o r e t h a n 8 0 0 0 0 .
C o l l e c t i n g , c o n s e r v i n g , a n d d i s t r i b u t i n g s u c h a c c e s s i o n s i s c r u c i a l i f c r o p
i m p r o v e m e n t w o r k i s t o h a v e a n i m p a c t i n d i f f e r e n t p a r t s o f t h e w o r l d . S a m p l e s
a r e a v a i l a b l e o n r e q u e s t t o s c i e n t i s t s t h r o u g h o u t t h e w o r l d . W e a l s o d i s t r i b u t e
o u r m a t e r i a l a s n u r s e r i e s f o r n a t i o n a l , r e g i o n a l , a n d i n t e r n a t i o n a l t r i a l s
d e s i g n e d t o s c r e e n s p e c i f i c t r a i t s u n d e r l o c a l c o n d i t i o n s .
A k e y p r o v i s i o n o f o u r m a n d a t e c a l l s o n u s n o t o n l y t o d e v e l o p n e w
t e c h n o l o g y f o r i n c r e a s e d a g r i c u l t u r a l p r o d u c t i o n , b u t a l s o t o a s s i s t i n i t s
t r a n s f e r t o n a t i o n a l p r o g r a m s f o r e v e n t u a l u s e b y f a r m e r s o f t h e S A T . W e
d o t h i s p r i m a r i l y t h r o u g h a n i n t e n s i v e t r a i n i n g p r o g r a m f o r y o u n g a g r i c u l t u -
r i s t s , a s e r i e s o f r e g i o n a l a n d i n t e r n a t i o n a l w o r k s h o p s e v e r y y e a r t o d i s c u s s w i t h
s c i e n t i s t s t h e l a t e s t f i n d i n g s o f o u r r e s e a r c h , a n d t h r o u g h v i s i t s t o I C R I S A T
o p e r a t i o n s b y i n t e r e s t e d s c i e n t i s t s , p o l i c y m a k e r s , a n d f a r m e r s .
Former trainees from Mali—-now working with their national program and I C R I S A T staff in M a l i -
inspect an improved sorghum variety.
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Field technicians emasculating sorghum in Zimbabwe, the base for ICRISAT's cereals improvement
project for southern Africa.
M o r e t h a n 9 0 0 p e r s o n s f r o m 6 9 c o u n t r i e s h a v e c o m p l e t e d t r a i n i n g a t I C R 1 -
S A T C e n t e r s i n c e 1 9 7 4 , a n d m a n y o f t h e m n o w s e r v e a s r e s e a r c h l e a d e r s , f a r m
m a n a g e r s , f i e l d t e c h n i c i a n s , a n d e x t e n s i o n a g e n t s i n n a t i o n a l a n d i n t e r n a t i o n a l
p r o g r a m s o f a g r i c u l t u r a l i m p r o v e m e n t . D u r i n g 1 9 8 4 , 1 4 8 s c i e n t i s t s , r e s e a r c h
t e c h n i c i a n s , a n d e x t e n s i o n p e r s o n n e l f r o m 3 9 c o u n t r i e s p a r t i c i p a t e d i n t r a i n i n g
p r o g r a m s a t I C R I S A T C e n t e r ; a n o t h e r 2 7 s t u d e n t s o r t r a i n e e s f r o m n i n e
c o u n t r i e s w o r k e d w i t h o u r s c i e n t i s t s i n B u r k i n a F a s o , M a l i , M e x i c o , a n d
N i g e r .
I n a d d i t i o n , 2 1 7 s c i e n t i s t s , e x t e n s i o n p e r s o n n e l , b a n k a g r i c u l t u r a l o f f i c e r s ,
a n d d e v e l o p m e n t o f f i c e r s o r p o l i c y m a k e r s f r o m f o u r s t a t e s o f I n d i a w e r e
p r o v i d e d s h o r t - t e r m t r a i n i n g a t I C R I S A T C e n t e r . T h e i r t r a i n i n g f o c u s e d o n
i d e n t i f y i n g s u i t a b l e c r o p p i n g s y s t e m s f o r u s e o n b r o a d b e d s a n d f u r r o w s , a n d
o t h e r f a c t o r s a s s o c i a t e d w i t h I C R I S A T ' s t e c h n o l o g y f o r d e e p b l a c k s o i l s b e i n g
t e s t e d i n t h e f o u r I n d i a n s t a t e s o f A n d h r a P r a d e s h , K a r n a t a k a , M a d h y a
P r a d e s h , a n d M a h a r a s h t r a .
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O f t h e 2 0 w o r k s h o p s h e l d b y I C R I S A T i n 1 9 8 4 , t h e r e w a s a t l e a s t o n e i n e a c h
o f t h e m a j o r r e g i o n a l c e n t e r s w h e r e I C R I S A T s t a f f a r e w o r k i n g . T h e y i n c l u d e d
r e g i o n a l w o r k s h o p s o n s o r g h u m r e s e a r c h a n d i m p r o v e m e n t i n W e s t A f r i c a a t
O u g a d o u g o u , o n p e a r l m i l l e t i m p r o v e m e n t i n W e s t A f r i c a a t t h e I S C , o n
g r o u n d n u t i m p r o v e m e n t a t L i l o n g w e , M a l a w i , a n d o n s o r g h u m a n d m i l l e t
i m p r o v e m e n t i n s o u t h e r n A f r i c a a t B u l a w a y o , Z i m b a b w e . T h e s e a f f o r d e d
o p p o r t u n i t i e s f o r s c i e n t i s t s w o r k i n g i n n a t i o n a l p r o g r a m s , a n d r e g i o n a l a n d
i n t e r n a t i o n a l o r g a n i z a t i o n s i n t h e s e a r e a s , t o v i s i t I C R I S A T r e s e a r c h b a s e s ,
e x c h a n g e i d e a s , a n d i n f l u e n c e I C R I S A T p l a n s f o r f u t u r e r e s e a r c h .
I n t e r n a t i o n a l w o r k s h o p s s p o n s o r e d o r c o s p o n s o r e d b y I C R I S A T t h i s y e a r
i n c l u d e d o n e o n s o r g h u m i n s e c t s , a t T e x a s A & M U n i v e r s i t y i n J u l y , a n d o n e o n
r u s t d i s e a s e o f g r o u n d n u t a t I C R I S A T C e n t e r i n l a t e S e p t e m b e r .
D u r i n g t h e y e a r w e h a d o v e r 8 0 0 0 v i s i t o r s , i n c l u d i n g 2 3 0 0 f a r m e r s f r o m t h r e e
s t a t e s o f I n d i a , 9 0 0 o f w h o m a t t e n d e d t h e 5 t h a n n u a l F a r m e r s ' D a y a t I C R I -
S A T C e n t e r i n O c t o b e r . A m o n g o t h e r v i s i t o r s w e r e m o r e t h a n 2 0 0 0 s t u d e n t s ,
Research directors from Togo, Burkina Faso, Mal i , and Senegal evince interest in laboratory work on
Striga during a visit to I C R I S A T Center.
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4 0 0 n a t i o n a l s c i e n t i s t s , a n d 2 0 0 s c i e n t i s t s f r o m o v e r s e a s . D i r e c t o r s o f R e s e a r c h
f r o m s e v e n W e s t A f r i c a n c o u n t r i e s c a m e t o see o u r w o r k a n d t h a t o f I n d i a n
n a t i o n a l p r o g r a m s , a n d d i s c u s s w i t h u s r e s e a r c h p l a n s t h a t c o u l d v i t a l l y a f f e c t
t h e i r c o u n t r i e s .
A l s o a m o n g i m p o r t a n t v i s i t o r s t o o u r w o r k , b o t h i n A f r i c a a n d I n d i a , w e r e
t w o p a n e l s o f i n t e r n a t i o n a l e x p e r t s s e l e c t e d b y o u r p a r e n t o r g a n i z a t i o n — t h e
C o n s u l t a t i v e G r o u p o n I n t e r n a t i o n a l A g r i c u l t u r a l R e s e a r c h — t o e v a l u a t e
I C R I S A T ' s r e s e a r c h p r o g r a m s a n d m a n a g e m e n t s t r u c t u r e a n d r e p o r t t o o u r
d o n o r s . W e w e r e h i g h l y p l e a s e d t h a t b o t h p a n e l s c o n f i r m e d w e a r e o n t h e r i g h t
t r a c k i n p u r s u i t o f o u r g o a l t o b r i n g a b e t t e r q u a l i t y o f l i f e t o t h e p o o r e s t
f a r m e r s o f t h e S A T a n d t o t h e v i l l a g e r s d e p e n d e n t o n t h e m f o r t h e i r f o o d .
L . D . S w i n d a l e
D i r e c t o r G e n e r a l
XVI
External Program Review team visiting a greenhouse experiment at I C R I S A T Center. The panel broadly
commended our work.
ICRISAT's Agroclimatic Environment
M o s t o f the research r epo r t ed i n th is v o l u m e was
car r ied o u t a t I C R I S A T Center , the Ins t i tu te 's
m a i n research f ac i l i t y i n sou th -cen t ra l I n d i a ,
w i t h i m p o r t a n t c o n t r i b u t i o n f r o m I C R I S A T
scientists pos ted a t coopera t i ve s ta t ions in I n d i a ,
i n n ine A f r i c a n coun t r i es , a n d i n M e x i c o , S y r i a ,
a n d P a k i s t a n . A s b a c k g r o u n d t o o u r research
repor ts , th i s sect ion presents a b r i e f desc r i p t i on
o f the e n v i r o n m e n t s where mos t o f o u r research
is conduc ted and inc ludes r a i n f a l l a n d t e m p e r a -
tu re da ta f o r mos t o f those loca t i ons .
I C R I S A T Center
T h e Ins t i t u te i s located a t 1 8 ° N , 7 8 ° E near
Pa tanche ru v i l lage , A n d h r a P radesh , 2 6 k m
nor thwes t o f H y d e r a b a d . T h e e x p e r i m e n t a l
f a r m , e x t e n d i n g over 1394 hectares, inc ludes t w o
m a j o r so i l types f o u n d i n the semi -a r id t rop ics :
A l f i so l s ( red soi ls) , w h i c h are l i gh t and d r o u g h t -
p r o n e , and Ver t iso ls ( b l ack soi ls) , w h i c h have a 
h i g h w a t e r - h o l d i n g capac i ty . T h e a v a i l a b i l i t y o f
b o t h so i l types p rov ides a n o p p o r t u n i t y t o c o n -
d u c t e x p e r i m e n t a l w o r k o n o u r f i ve m a n d a t e
crops unde r c o n d i t i o n s representat ive o f m a n y
S A T areas.
Seasons. Th ree d i s t i nc t seasons character ize
m u c h o f I n d i a . I n the H y d e r a b a d area the r a i n y
season, a lso k n o w n as the m o n s o o n or k h a r i f ,
usua l ly begins in June and extends i n t o Sep-
tember . M o r e t h a n 8 0 % o f the 8 0 0 - m m average
a n n u a l r a i n f a l l occurs d u r i n g those 4 m o n t h s , i n
w h i c h ra i n fed c rops are ra ised. T h e post r a i ny
w i n t e r season ( O c t o b e r t h r o u g h J a n u a r y ) , a lso
k n o w n as the p o s t m o n s o o n o r r a b i , i s d r y a n d
c o o l a n d days are shor t . D u r i n g th is p e r i o d c rops
can be g r o w n on Ver t i so ls on s to red so i l m o i s -
t u re . T h e h o t , d r y s u m m e r season lasts f r o m
F e b r u a r y u n t i l ra ins beg in aga in i n J u n e , a n d
any c r o p g r o w n i n t h a t season requ i res
i r r i g a t i o n .
Crops. T h e f i ve I C R I S A T c rops have d i f f e ren t
e n v i r o n m e n t a l requ i rements t ha t de te rm ine
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where and w h e n they a re g r o w n . I n the H y d e -
rabad area, m i l l e t a n d g r o u n d n u t are s o w n o n
A l f i so l s d u r i n g J u n e a n d J u l y , the b e g i n n i n g o f
the r a i ny season; a t I C R I S A T Cente r , a d d i t i o n a l
generat ions are g r o w n u n d e r i r r i g a t i o n . P i g e o n -
pea is genera l ly s o w n a t the b e g i n n i n g o f the
r a i n y season a n d con t inues g r o w i n g t h r o u g h the
pos t r a i ny season; t o p r o v i d e a d d i t i o n a l genet ic
ma te r i a l f o r o u r b reed ing p r o g r a m , w e p l a n t a n
i r r i ga ted c r o p o f s h o r t - d u r a t i o n p igeonpeas i n
December . A s i n n o r m a l f a r m i n g p rac t i ce , t w o
crops a year o f s o r g h u m can be g r o w n at the
Center , one d u r i n g the r a i ny season a n d the
o the r on Ver t i so ls in the pos t r a i ny season.
C h i c k p e a , a single-season c r o p , is g r o w n d u r i n g
the p o s t r a i n y season on res idua l m o i s t u r e on
Ver t i so ls . A t I C R I S A T , a s i n n o r m a l f a r m i n g
prac t i ce , c rops are o f ten g r o w n i n va r i ous c o m -
b ina t i ons a n d sequences, w h i c h we are w o r k i n g
t o i m p r o v e .
Other Research Locations
I n c o o p e r a t i o n w i t h f i v e a g r i c u l t u r a l un ivers i t ies
i n I n d i a , I C R I S A T has establ ished s ta t ions o n
the i r campuses to test the pe r f o rmance o f b reed -
i n g m a t e r i a l under va r i ous c l ima t i c c o n d i t i o n s
and la t i tudes. These s ta t ions are a t Bhavan isagar
( 1 1 ° N ) , where we screen s o r g h u m f o r diseases
a n d pests a n d test pear l m i l l e t a t a d a y l e n g t h
ana log s im i l a r t o the S o u t h e r n Sahe l ian Z o n e o f
A f r i c a ; A n a n t a p u r ( 1 5 ° N ) , a d r o u g h t - p r o n e
area where we screen pear l m i l l e t , s o r g h u m , a n d
g r o u n d n u t unde r d r y c o n d i t i o n s i n the r a i ny
season; D h a r w a d (15° N ) , an especial ly g o o d site
f o r pest a n d disease screening, e.g., screening
s o r g h u m f o r d o w n y m i l d e w ; G w a l i o r (26° N ) , i n
an area where m o s t o f I nd ia ' s l o n g - d u r a t i o n
p igeonpea c r o p i s g r o w n ; a n d H i s a r ( 2 9 ° N ) ,
where ch ickpea a n d pear l m i l l e t are tested u n d e r
c l ima t i c c o n d i t i o n s i n w h i c h they are m o s t l y
g r o w n , a n d s h o r t - d u r a t i o n p igeonpeas are tested
in a reg ion where they are inc reas ing ly be ing
g r o w n i n r o t a t i o n w i t h whea t .
O u r research i n A f r i c a i s ca r r i ed o u t a t the
I C R I S A T Sahe l i an Cen te r , near N i a m e y , N i g e r
(13° N , 2 ° E , 585 m m r a i n f a l l ) — w h i c h i s be ing
deve loped as o u r p r i n c i p a l base f o r m i l l e t and
g r o u n d n u t research i n Wes t A f r i c a , a n d f a r m i n g
systems associated w i t h those c r o p s — a n d a t
n a t i o n a l research s ta t ions i n these o the r A f r i c a n
coun t r i es :
B u r k i n a F a s o — K a m b o i n s e (12° N , 2 ° W , 827
m m r a i n f a l l ) , where the p r i n c i p a l w o r k i s o n
s o r g h u m — w i t h p a r t i c u l a r emphasis on Striga 
res i s tance—mi l l e t , a n d v i l lage- leve l soc ioeco-
n o m i c studies.
M a l i — C i n z a n a (13° N , 6 ° W , 682 m m r a i n -
f a l l ) , whe re we are research ing s o r g h u m , m i l l e t ,
a n d a g r o n o m i c pract ices associated w i t h these
c rops .
N i g e r i a — S a m a r u (11° N , 8 ° E , 1133 m m r a i n -
f a l l ) , whe re o u r breeder posted a t the I ns t i t u te o f
A g r i c u l t u r a l Research w o r k s o n m i l l e t .
S e n e g a l — B a m b e y (15° N , 16° W , 634 m m
r a i n f a l l ) , whe re the emphasis i s on deve lop ing
i m p r o v e d m i l l e t s .
K e n y a — N a i r o b i (1 ° S , 37° E , 1066 mm r a i n -
f a l l ) , the center o f a n I C R I S A T reg iona l net -
w o r k tes t ing s o r g h u m a n d m i l l e t i n f o u r m a j o r
ag roeco log i ca l zones: h i g h , i n te rmed ia te and
l o w e leva t ions , a n d ve ry d r y l o w l a n d s .
S u d a n — W a d M e d a n i (14° N , 33° E , 373 m m
r a i n f a l l ) , where the m a j o r emphasis has been on
d e v e l o p i n g s o r g h u m s t h a t c a n w i t h s t a n d
d r o u g h t , a n d E l O b e i d (13° N , 30° E , 418 m m
r a i n f a l l ) , where o u r m i l l e t research i s be ing car -
r ied o u t .
M a l a w i — C h i t e d z e (14° S , 34° E , 880 mm
r a i n f a l l ) , w h e r e o u r r e g i o n a l g r o u n d n u t
i m p r o v e m e n t p r o g r a m f o r s o u t h e rn a n d eastern
A f r i c a i s based. Ch i t edze , l oca ted on the
L i l o n g w e p l a i n , has a t r o p i c a l c o n t i n e n t a l c l i -
ma te w i t h one r a i n y season f r o m N o v e m b e r t o
A p r i l
Z i m b a b w e — B u l ' a w a y o (20° S , 29° E , 588 m m
ra in fa l l ) , where o u r cereals i m p r o v e m e n t p r o -
g r a m f o r the n ine A f r i c a n coun t r i es o f t he
S A D C C reg ion i s based a t M a t o p o s Research
S t a t i o n . T h i s w i l l b e one o f I C R I S A T s m a j o r
research pro jec ts i n A f r i c a .
I C R I S A T also has scient ists pos ted in these
o the r coun t r i es :
S y r i a — A l e p p o / T e l H a d y a (36° N , 37° E , 340
m m ra in fa l l ) , where o u r s ta f f w o r k w i t h
I C A R D A o n k a b u l i - t y p e ch ickpeas f o r s p r i n g o r
w i n t e r s o w i n g i n the M e d i t e r r a n e a n r e g i o n , a n d
S o u t h a n d C e n t r a l A m e r i c a .
P a k i s t a n — I s l a m a b a d (34° N , 73° E , 960 m m
ra in fa l l ) , where the emphas is is research on
deve lop ing ch ickpeas resistant t o A s c o c h y t a
b l i gh t .
M e x i c o — O u r breeder a n d a g r o n o m i s t based
a t C I M M Y T , E l B a t a n (19° N , 99° W , 750 m m
ra in fa l l ) , w o r k o n h i gh -a l t i t ude , c o l d - t o l e r a n t
so rghums and m a t e r i a l adap ted f o r l o w a n d
in te rmed ia te e levat ions i n L a t i n A m e r i c a a n d
the C a r i b b e a n .
T h e W e a t h e r
I n the f o l l o w i n g f igures we present r a i n f a l l a n d
tempera tu re da ta f o r the m a i n l oca t i ons o f o u r
research.
x v i i i
1984 m a x t e m p
N o r m a l m a x t e m p
1984 m i n t e m p
N o r m a l m i n t e m p
N o r m a l r a i n f a l l1984 r a i n f a l l
x i x
Anantapur . R a i n f a l l i n 1984 was 176 m m , 6 9 % b e l o w n o r m a l O f 563 m m n o r m a l a n n u a l r a i n f a l l , 4 2 %
is usua l l y received i n Sep tember a n d Oc tobe r . T h i s year r a i n f a l l i n these t w o m o n t h s was o n l y 59 m m .
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I C R I S A T Center. T h e a n n u a l r a i n f a l l i n 1984 was 655 m m , 1 4 % less t h a n the n o r m a l 764 m m . T h e
r a i n y season t o t a l ( June t o O c t o b e r ) was 591 m m agains t the n o r m a l 653 m m . R a i n f a l l d u r i n g
Sep tember was 3 9 % less t h a n n o r m a l . T h e average d a i l y m a x i m u m tempera tu re i n M a y was 2 ° C h ighe r
t h a n n o r m a l , as i t was a t a l l o u r I n d i a n coopera t i ve research s ta t ions .
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Bhavanisagar. R a i n f a l l received i n 1984 was 657 m m , i.e., 9% b e l o w n o r m a l . S i x t y -s i x percen t o f t he
a n n u a l r a i n f a l l f e l l d u r i n g M a r c h , Sep tember , a n d Oc tobe r .
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Hisar . T h e t o t a l a n n u a l r a i n f a l l , 351 m m , was 2 1 % b e l o w the n o r m a l 447 m m . F r o m J u n e t c
Sep tember 331 m m r a i n f e l l , less t h a n the n o r m a l 351 m m .
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Gwal ior . R a i n f a l l received d u r i n g the 1984 r a i n y season (June to O c t o b e r ) was 701 m m , 17% b e l o w
the n o r m a l 843 m m .
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D h a r w a d . T h e a n n u a l r a i n f a l l i n 1984 was 725 m m , 1 1 % b e l o w the n o r m a l 818 m m . H o w e v e r , r a i n f a l l
f r o m M a y t o O c t o b e r 1984 was n o r m a l (700 m m ) .
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I C R I S A T Sahelian Center. R a i n f a l l received f r o m J u n e to O c t o b e r was o n l y 216 mm, 6 3 % less t h a n
the n o r m a l 588 m m . T o t a l a n n u a l r a i n f a l l was o n l y 5 9 % be lo w the n o r m a l 638 m m . T h e average d a i l y
m a x i m u m tempera tu res were l ower t h a n n o r m a l , except i n J u l y , A u g u s t , and September .
Kamboinse. R a i n f a l l d u r i n g the 1984 season was less t h a n 5 0 % o f the l o n g - t e r m average a t K a m -
boinse. Tempera tu res were l ower t h a n in a n o r m a l year.
Chitedze. R a i n f a l l was s im i l a r t o 1982 /83 , 683 m m f r o m December 1983 t o M a y 1984, b u t u n f a v o r a -
b l y d i s t r i b u t e d , w i t h less r a i n a n d d r y spells i n J a n u a r y a n d late M a r c h . T o t a l r a i n f a l l i n A p r i l was o n l y
13,1 mm c o m p a r e d to 42.5 i n the p rev ious season.
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Tel H a d y a . T h i s year the w i n t e r was d r y a n d w a r m w i t h 200 m m r a i n f a l l , 3 0 % less t h a n n o r m a l .
D r o u g h t c o n d i t i o n s ex tended i n t o sp r ing .
x x i i
Bulawayo . R a i n f a l l was l owe r i n 1984 t h a n in a n o r m a l year w i t h f a r less r a i n t h a n usua l i n J a n u a r y
a n d F e b r u a r y .
M o n t h
0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2
44
33
22
11
0
0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2
M o n t h
400
300
200
100
0
400
300
200
100
0
0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2
Morv th
0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2
M o n t h
44
33
22
11
0
I C R I S A T Plant Material named by the Plant Material Release Committee ( P M R C ) , 1983-84
Notice Crop Type of mater ial Or ig ina l name New name Just i f icat ion
84/1 Pearl mil let Variety WC-C75 I C M V 1 High-yie ld ing variety released fo r
general cul t ivat ion in India by
Government o f Ind ia , M in is t ry o f
Agr icu l ture, Department o f
Agr icul ture and Cooperat ion.
84/2 Pearl mil let Variety I B V 8001 I C M V 2 High-yie ld ing cul t ivar in
pre-release stage in Senegal.
" '' IBV 8004 I C M V 3 ''
84/3 Pearl mil let Male-sterile
lines (A and B)
2068A 8A(843A) I C M A 2 New male-sterile l ine for the
product ion of new hybrids.
" " 2068B 8B(843B) I C M B 2 ''
'' " 2221A 1A(842A) I C M A 3 ''
'' '' 222 IB 1B(842B) I C M B 3 "
'' " S10A (834A) I C M A 4 ''
S10B(834B) I C M B 4 ''
84/4 Pearl millet Inbred line I C M P E 13-6-27 I C M L 1 Source of resistance to ergot
(Claviceps fusiformis). 
" '' I C M P E 13-6-30 I C M L 2 "
'' " I C M P E 134-6-25 I C M L 3 ''
" '' I C M P E 134-6-34 I C M L 4 "
84/5 Pearl mil let Inbred line SSC PS 252-S-4 I C M L 5 Source of resistance to smut
(Tolyposporium penkillariae). 
" '' I C I 7517-S-1 I C M L 6 ''
'' " EBS46-1-2-S-2 I C M L 7 "
" '' EB 112-1-S-1-1 I C M L 8 ''
" " N E P 588-5690-S-8-4 I C M L 9 "
'' '' P 489-S-3 I C M L 10 "
84/6 Pearl mil let Populat ion
(sibs of
sister lines)
I C M P E S 1 I C M P 1 Source wi th combined resistance
to ergot (Claviceps fusiformis), 
smut (Tolyposporiumpenicillariae), and
downy mildew (Sclerospora graminicola) 
'' " I C M P E S 2 I C M P 2 "
'' '' I C M P E S 28 I C M P 3 "
'' ''
I C M P E S 32 I C M P 4 
"
84/7 Pearl mil let Inbred line IP 2696-1-4 I C M L 11 Source of resistance to rust
(Puccinia penniseti) control led by
a single dominant gene.
x x i i i
Continued
Notice C rop Type of mater ial Or ig inal name New name Just i f icat ion
84/8 Sorghum Pure l ine SPV 351 ICSV 1 Released cul t ivar in Ind ia .
84 /9 Chickpea Pure l ine I C C C 4 I C C V 1 Released cul t ivar in Gujarat State, Ind ia .
84/10 Chickpea Pure l ine I C C L 82001 I C C V 2 Combines acceptable kabu l i
seed-type w i t h w i l t resistance and
short dura t ion .
" "
I C C L 83006 I C C V 3 
"
" ''
I C C L 83004 I C C V 4 
"
" '' I C C L 83009 I C C V 5 
"
84/11 Pigeonpea Line I C P 8863 I C P V 1 Recommended by A I C P I P as source
of resistance to w i l t (Fusarium udum). 
84/12 Pigeonpea Populat ion M S 4 A I C P P 1 Source of translucent anther-type
of male steri l i ty.
84/13 Pearl mi l let Inbred l ine P 7 I C M L 12 Source of resistance to downy
mi ldew (Sclerospora graminicola). 
" " S D N 503 I C M L 13 "
'' "
700251 I C M L 14
"
'' "
700516 I C M L 15
"
" "
700651 I C M L 16
"
84/14 Pearl mil let Inbred l ine 700481-21-8 I C M L 17 Source of resistance to rust
(Puccinia penniseii). 
" " I P 537 B I C M L 18 "
" "
I P 11776
(Souna Mal i )
I C M L 19
"
" " IP 2084-1 I C M L 2 0
"
" "
P 24 I C M L 21
"
" "
D 212-P1 I C M L 2 2
"
84/15 Sorghum Pure l ine SPV 386 ICSV 2 Released cul t ivar in Zambia .
xxiv

35
5
7
9
10
12
14
14
14
Present and Future Areas of Collection
Germplasm Distr ibut ion
Sorghum Germplasm
Pearl M i l l e t Germplasm
Chickpea Germplasm
Pigeonpea Germplasm
Groundnut Germplasm
M i n o r Mi l le ts Germplasm
L o o k i n g Ahead
Publications
Cover photo : Farmers w i th their sorghum harvest in the Yemen Arab Republic where I C R I S A T collected sorghum germplasm in
1984 in col laborat ion w i t h the Min is t ry of Agr icu l ture.
The correct c i tat ion fo r this report is I C R I S A T ( Internat ional Crops Research Inst i tute for the Semi-Ar id Tropics), 1985. Annua l
Report 1984. Patancheru, A .P . 502 324, India: I C R I S A T .
For of fpr ints, wr i te to : Genetic Resources Un i t , In ternat ional Crops Research Inst i tute for the Semi-Ar id Tropics, I C R I S A T
Patancheru P.O., Andhra Pradesh 502 324, Ind ia .
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GENETIC RESOURCES UNIT
G e r m p l a s m i s an i m p o r t a n t r a w m a t e r i a l f o r any
c r o p i m p r o v e m e n t p r o g r a m , yet i t i s cons tan t l y
faced w i t h e x t i n c t i o n . Be fo re the n e w l y - b r e d ,
h i g h - y i e l d i n g var ie t ies reach the f a r m e r , there is
a need to co l lec t his cen tu r ies -o ld , t r a d i t i o n a l
l and races tha t w i l l o therw ise be rep laced a n d
p e r m a n e n t l y lost . T h e a d o p t i o n o f even a single
successful new c u l t i v a r m a y w i p e o u t the d i ve r -
s i ty ach ieved over centur ies o f n a t u r a l and
h u m a n select ion.
Since i t i s an i r rep laceable a n d i nva luab le her-
i tage, g e r m p l a s m mus t be co l lec ted , conserved,
p ro tec ted , a n d shared f reely f o r present a n d
f u t u r e use. F o r t h i s , i n t e r n a t i o n a l ins t i tu tes l i ke
1 C R I S A T , i n c o l l a b o r a t i o n w i t h n a t i o n a l a n d
i n t e r n a t i o n a l o rgan i za t i ons , have a u n i q u e ro le
because the i r g l o b a l perspect ive o f p l an t genet ic
resources enables t h e m to assess v u l n e r a b i l i t y to
e ros ion , a n d t o assign p r io r i t i es t o c rops a n d
areas t ha t m u s t be co l lec ted be fo re g e r m p l a s m
divers i t y is lost fo rever .
T h e genera l object ives o f the Genet ic R e -
sources U n i t ( G R U ) are t o co l lec t , m a i n t a i n ,
eva luate , d o c u m e n t , conserve, and d i s t r i bu te
g e r m p l a s m .
We have made a n u m b e r o f ge rmp lasm col lec-
t i o n miss ions in several centers o f d i ve rs i t y , pa r -
t i c u l a r l y i n A f r i c a , A s i a , and S o u t h A m e r i c a .
Whereve r poss ib le , the gaps in the w o r l d co l lec-
t i ons o f o u r manda te c rops are be ing f i l l ed by
cor respondence and exchanges w i t h o the r gene
banks a n d c r o p i m p r o v e m e n t scientists a r o u n d
the w o r l d .
T h e assembly o f ge rmp lasm o f I C R I S A T
m a n d a t e c rops f r o m a l l over the w o r l d a n d i ts
d i s t r i b u t i o n to scientists on request i s channe led
t h r o u g h the Cen t ra l P lan t P r o t e c t i o n T r a i n i n g
Ins t i t u te ( C P P T I ) , M i n i s t r y o f A g r i c u l t u r e ,
G o v e r n m e n t o f I n d i a , a n d i s subject t o q u a r a n -
t ine regu la t ions .
Present and Future Areas
of Collection
T h e p r i o r i t y areas f o r o u r manda te c rops , g i ven
b e l o w , are i den t i f i ed i n c o l l a b o r a t i o n w i t h the
I n t e r n a t i o n a l B o a r d f o r P lan t Genet ic Resou r -
ces ( I B P G R ) , and I C R I S A T and n a t i o n a l scient-
ists in g e r m p l a s m resource areas.
As ia :
Eas tern A f r i c a :
S o u t h e r n A f r i c a :
West A f r i c a :
O t h e r areas:
B u r m a , I n d i a , I n d o n e s i a ,
N e p a l , Pak i s tan .
E t h i o p i a , K e n y a , sou the rn
S u d a n , U g a n d a .
Lesotho, M o z a m b i q u e , Swaz i -
l and , Z i m b a b w e .
B e n i n , B u r k i n a Faso, C h a d ,
G h a n a , I v o r y Coas t , M a u r i t a -
n ia , N ige r i a , T o g o .
A n g o l a , C e n t r a l A f r i c a n
R e p u b l i c , C h i n a , C o n g o ,
E g y p t , K o r e a , M o r o c c o ,
Saud i A r a b i a , Sy r i a , T u r k e y ,
Y e m e n A r a b R e p u b l i c
( Y A R ) , People's D e m o c r a t i c
Repub l i c o f Y e m e n ( P D R ) ,
Za i re .
S o u t h As ia : Bang ladesh, B u r m a , I n d i a ,
Pak i s t an .
Sou thwes t As ia : A f g h a n i s t a n , I r a n , T u r k e y .
C e n t r a l As ia : U S S R .
A f r i c a : E t h i o p i a , par ts o f n o r t h e r n
A f r i c a .
Pigeonpea
As ia : B h u t a n , B u r m a , C h i n a , I n d i a ,
I ndones ia , Ph i l i pp i nes ,
T h a i l a n d .
Chickpea
Sorghum and Millets
4 Genetic Resources Unit 
Eas te rn A f r i c a : U g a n d a .
C e n t r a l a n d
sou the rn A f r i c a : A n g o l a , Za i r e .
West A f r i c a : T o b e e x p l o r e d .
Amer i cas :
A u s t r a l i a :
Groundnut
A s i a :
Eas te rn A f r i c a :
West A f r i c a :
C a r i b b e a n I s l a n d s , S o u t h
A m e r i c a .
N o r t h e r n T e r r i t o r y ,
Queens land .
B u r m a , C h i n a , I n d i a , I n d o n e -
sia, T h a i l a n d .
E t h i o p i a , Ma lagasy R e p u b -
l i c , M a l a w i , T a n z a n i a ,
Z a m b i a .
C h a d , G h a n a , I v o r y Coas t ,
M a l i , N ige r .
N o r t h e r n A f r i c a : E g y p t , S u d a n .
S o u t h A m e r i c a : B r a z i l , E c u a d o r , Pa raguay ,
P e r u , U r u g u a y , Venezuela .
N e w a n d i m p o r t a n t c o l l e c t i o n areas are i d e n t i -
f i e d a n n u a l l y based o n f resh i n f o r m a t i o n
received a b o u t genet ic e r o s i o n , d i ve rs i t y , a n d
degree o f rep resen ta t ion i n the I C R I S A T gene
b a n k .
So f a r we h a v e assembled 2 4 6 0 4 s o r g h u m
g e r m p l a s m accessions f r o m 82 coun t r i es , 17081
pear l m i l l e t g e r m p l a s m accessions f r o m 37 c o u n -
t r ies, 13 818 accessions of ch i ckpea f r o m 40
coun t r ies , 10 104 accessions of p igeonpea f r o m
37 coun t r ies , a n d 11488 accessions o f g r o u n d n u t
f r o m 82 coun t r ies ( T a b l e 1). We have a lso
assembled 4992 m i n o r mi l le ts accessions ( T a b l e
2). In v iew o f the d i ve rs i t y areas yet to be
covered , the n u m b e r o f samples i s s t i l l s m a l l ,
a l t h o u g h i t represents the largest c o l l e c t i o n o f
I C R I S A T s manda te c rops assembled a n d c o n -
served a t any one p lace. T h i s m a t e r i a l i s w e l l
m a i n t a i n e d a n d read i l y ava i lab le t o c r o p
i m p r o v e m e n t scientists t h r o u g h o u t the w o r l d .
E v a l u a t i o n , screening, a n d i d e n t i f i c a t i o n o f
new a n d useful genet ic t ra i t s are p rogress ing
we l l . These act iv i t ies are c o n t i n u i n g in close c o l -
l a b o r a t i o n w i t h a l l I C R I S A T c r o p i m p r o v e m e n t Continued
Tab le 1 . Add i t ions t o I C R I S A T germplasm collec-
t ion in 1984 , a n d cumulat ive tota ls , 1972 to 1984.
Sor- Pearl Ch ick- Pigeon- Ground-
Or ig in ghum mil let pea pea nut
A F R I C A
Benin 193 - - - -
Burk ina Faso - 353 - - -
Burund i 70 - - - -
Cameroon - 20 - - -
Congo - 3 - - -
Eth iopia 217 1 - - -
Kenya 104 - - 143 -
Ma law i 6 - - 3 -
M a l i 550 - - - 2
Morocco - - 1 - -
Mozambique - - 10 - -
Nigeria - 86 - - 52
Rwanda 70 - - - -
Senegal - - - - 148
Sierra Leone - - - - 4
South Af r ica 109 68 - - 9
Sudan 23 45 - - 9
Tanzania - - - 54 40
Togo 258 - - - -
Zambia - - - - 58
Zimbabwe - 88 - - 57
A S I A
Afghanistan - - 2 - -
Cyprus - - 22 - -
India - 333 180 216 53
Iran - - 574 - -
Korea - 1 - - -
Nepal - - 1 - -
Pakistan - 3 2 - -
Phil ippines - - - 17 -
Sr i Lanka - - - 1 -
Syria - - 3 - -
Turkey - 1 3 - -
Vietnam - - - - 3
Yemen A rab
Republic 30 - - - -
E U R O P E
Federal Republ ic - 1 - - -
of Germany
German Democrat ic - - 1 -
Republ ic
Spain - - 32 - -
UK
1
76 27 - - -
USSR - - 2 -
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Tab le 1. Continued 
Orig in
Sor-
ghum
Pearl
mil let
Chick-
pea
Pigeon-
pea
Ground-
nut
T H E A M E R I C A S
Brazil
Mexico
U S A
A U S T R A L I A
Austral ia
U N K N O W N
1
28
5
4
11
488
Tota l in 1984
Cumulat ive to ta l
2
1706
24604
1059
17081
831
13818
456
10104
923
11488
1 . M a t e r i a l f r o m severa l c o u n t r i e s f o r w a r d e d f r o m t h e
R o y a l B o t a n i c G a r d e n s , K e w , U K .
2 . A l l c r o p s 8 2 0 8 7 .
Tab le 2 . Add i t ions to minor millets collection in
1984, and cumulat ive totals, 1976 to 1984.
Access ions C u m u l a t i v e
Species i n 1984 t o t a l
Eleusine coracana 350 1863
( f i nge r m i l l e t )
Setaria italica 14 1260
( f o x t a i l m i l l e t )
Panicum miliaceum 16 753
( p r o s o m i l l e t )
Panicum sumatrense 7 291
( l i t t l e m i l l e t )
Echinochloa crusgalli 93 517
( b a r n y a r d m i l l e t )
Paspalum scrobiculatum - 308
( k o d o m i l l e t )
T o t a l 480 4992
scientists. Some o f the m o s t e x c i t i n g a n d p r o m i s -
i n g results are the f r u i t s o f these i n te rd i sc ip l i na ry
e f fo r ts . Severa l desi rable genet ic s tocks , e.g., the
drough t - res is tan t so rghums IS 13441 ( Z i m -
babwe) , IS 20969 ( K e n y a ) , IS 22380 ( S u d a n ) ,
a n d IS 1347 ( E g y p t ) have been i d e n t i f i e d , a n d
some are a l ready be ing used in c u r r e n t b reed ing
p r o g r a m s . G e r m p l a s m conve rs i on has mad e i t
possible f o r breeders to u t i l i ze p h o t o p e r i o d -
sensit ive t r o p i c a l ge rmp lasm. O u r i n t rog ress ion
w o r k t ransfers desi rable t ra i ts f r o m w i l d species
to adap ted cu l t i va rs .
A l l g e r m p l a s m i s n o w s tored i n m e d i u m - t e r m
co ld storage a t + 4 ° C a n d 35 t o 4 0 % re la t ive
h u m i d i t y . O u r latest g e r m i n a t i o n tests show tha t
af ter 3 years ' s torage, 9 0 % of the seeds are v iab le
a n d germina te .
Germplasm Distribution
T h e supp ly o f seed m a t e r i a l t o scientists w o r l d -
w ide i s one o f the m a j o r respons ib i l i t ies o f I C R I -
S A T . Requests f o r g e r m p l a s m accessions f r o m
the semi -a r id t rop ics ( S A T ) are increas ing every
year. G R U suppl ies ava i lab le samples f ree o f
charge t o a l l n a t i o n a l p r o g r a m s .
D u r i n g the year 35 298 samples were d i s t r i b -
u ted t o scientists a t I C R I S A T Cente r , 8914 sam-
ples to scientists i n I n d i a , a n d 2 0 7 7 6 samples to
scientists in 85 o the r count r ies (Tab le 3) .
Sorghum Germplasm
T h i s year 1706 new accessions were re juvenated
a n d added to the s o r g h u m gene b a n k , ra i s ing the
Table 3 . Germp lasm samples distr ibuted in 1984.
C r o p
I C R I S A T
Cen te r (1 )
W i t h i n
I n d i a (2 )
O t h e r
c o u n t r i e s (3 )
T o t a l samples
d i s t r i b u t e d (2+3)
N o . o f
c o u n t r i e s
S o r g h u m
P e a r l m i l l e t
C h i c k p e a
P igeonpea
G r o u n d n u t
17477
3317
2844
3467
8193
2123
147
4889
1164
591
14668
3651
1707
452
298
16791
3798
6596
1616
889
23
17
18
22
11
T o t a l 35298 8914 20776 29690 91
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
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Large , compact panicles of h ighland sorghum wi th
big , light yel low grain collected dur ing an expedi t ion
to the Yemen A r a b Republ ic , 1984.
t o t a l to 2 4 6 0 4 . T h e new accessions were
assembled by co l l ec t i on and cor respondence
f r o m Ben in (193) , B u r u n d i (70), E t h i o p i a (217),
Kenya (104) , M a l a w i (6) , M a l i (550), R w a n d a
(70), S o u t h A f r i c a (109) , S u d a n ( 2 3 ) , T o g o (258),
and the Y e m e n A r a b Repub l i c (30). Seventy-s ix
samples, f o r w h i c h co l l ec t i on deta i ls are a w a i t e d ,
were received f r o m the R o y a l Bo tan i c Gardens ,
K e w , U K . A large par t o f the co l l ec t i on th is year
was f r o m West A f r i c a n coun t r ies t h r o u g h the
co l l ec t i on miss ions o rgan ized by the I n s t i t u t
f ranca is de recherche sc ien t i f ique p o u r le deve l -
o p p m e n t e n c o o p e r a t i o n ( O R S T O M ) .
A co l l ec t i on e x p e d i t i o n was o rgan ized in the
Y e m e n A r a b Repub l i c i n c o l l a b o r a t i o n w i t h the
M i n i s t r y o f A g r i c u l t u r e , and 171 samples o f
s o r g h u m represent ing the v a r i a t i o n i n h i gh
(1500-2500 m ) , m e d i u m (500-1500 m ) , and l o w
(0-500 m) a l t i t ude reg ions were co l lec ted . T h i s
c o u n t r y has a wea l t h o f s o r g h u m landraces w i t h
a w ide range o f v a r i a t i o n f o r pan ic le a n d g r a i n
size. M o s t o f the landrace cu l t i va rs be l ong to the
D u r r a , D u r r a - c a u d a t u m , a n d D u r r a - g u i n e a
races. H i g h l a n d so rghums have large c o m p a c t
panic les, and b i g g ra i n w i t h g o o d y ie ld p o t e n t i a l .
L o w l a n d sorghums m a t u r e d u r i n g h i g h temper -
a tu re and h u m i d i t y c o n d i t i o n s tha t are idea l f o r
g r a i n m o l d i n fec t i on . H o w e v e r , we co l lec ted a 
dua l - pu rpose landrace loca l l y named K h a i r a ,
used b o t h f o r g r a i n and as f odde r . I t has c lean
g r a i n i n d i c a t i n g possib le resistance to g ra i n
m o l d i n f e c t i o n .
A t o t a l o f 2048 accessions f r o m C a m e r o o n
(98) , Cape Verde Is lands (1) , C h i n a (13) , E t h i o -
p ia (2) , F rance (314), G e r m a n D e m o c r a t i c
R e p u b l i c (3) , H u n g a r y (75) , K e n y a (7) , M o r o c c o
(5) , S ier ra Leone (99), S o u t h A f r i c a (68) , U S A
(1089), and Z i m b a b w e (274) were g r o w n in the
pos ten t ry q u a r a n t i n e i so la t i on area ( P E Q I A ) f o r
inspec t ion and release.
To meet increas ing requests f o r seed, we re j u -
venated 6074 accessions by se l f ing d u r i n g the
pos t ra i ny season. A l l the accessions are n o w
conserved i n m e d i u m - t e r m co ld storage. D u r i n g
the pos t ra i ny and ra iny seasons, 1706 new ly -
assembled accessions were charac ter ized and
eva luated a t I C R I S A T Center , us ing I C R I -
S A T / l B P G R s o r g h u m descr ip to rs .
We supp l ied 17477 seed samples to scientists
in the S o r g h u m I m p r o v e m e n t P r o g r a m to be
screened f o r resistance to insects, diseases, and
d r o u g h t , and f o r use in b reed ing p r o g r a m s .
We supp l ied 2873 accessions f o r use as base
m a t e r i a l t o the I C R I S A T S o u t h e r n A f r i c a n
D e v e l o p m e n t C o o r d i n a t i o n C o n f e r e n c e
( S A D C C ) p r o g r a m recent ly s tar ted i n Z i m -
babwe. T h i s m a t e r i a l inc ludes 261 p r o m i s i n g
select ions f r o m o u r conve rs ion p r o g r a m .
W e c o n t i n u e d o u r conve rs ion p r o g r a m tha t
invo lves the t r a n s f o r m a t i o n o f t a l l , p h o t o p e r i o d -
sensit ive t r o p i c a l landraces to sho r t , d a y - n e u t r a l
b a c k g r o u n d p lants us ing a backcross b reed ing
procedure . Th i s p r o g r a m p r o m o t e s the f l o w o f
t r o p i c a l g e r m p l a s m i n t o b reed ing p r o g r a m s a t
I C R I S A T Center and o the r n a t i o n a l p r o g r a m s .
F 4 and F 5 backcross p o p u l a t i o n s i n v o l v i n g
Zerazera landraces g r o w n a t I C R I S A T Center
in 1984 p roduced p r o m i s i n g segregants, and
f a i r l y u n i f o r m progen ies ; near ly 1386 select ions
were made by breeders and / o r t ra inees f r o m
d i f fe ren t coun t r i es , as we l l as by representat ives
o f p r i va te seed compan ies w h o v is i ted I C R I S A T
Center . Single-cross F 2 p o p u l a t i o n s i n v o l v i n g
K a u r a , Fa ra fa ra , and Guineense landraces f r o m
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Niger ia have p roduced desirable segregants
( a l t h o u g h in a l o w p r o p o r t i o n ) w i t h ear ly d u r a -
t i o n and shor t p lan t he igh t , t ha t re ta in o the r
land race characters. Selected p lan ts w i l l be used
f o r backcross ing in the convers ion p r o g r a m .
T h e h e r b a r i u m o f cu l t i va ted s o r g h u m races a t
t he R o y a l B o t a n i c G a r d e n s , K e w , U K ,
assembled by S n o w d e n p r i o r to 1935, has been
stud ied in de ta i l in o rder to deve lop a n e w ' s u b -
race c lass i f i ca t ion system' a t l C R l S A T Center .
Pearl Mi l let Germplasm
D u r i n g the year we added 1059 accessions to the
a l ready-ex is t i ng 16 022, ra is ing the t o t a l acces-
sions in ou r gene bank to 17 0 8 1 . T h e new a d d i -
t i ons are f r o m Braz i l (1) , B u r k i n a Faso (353),
C a m e r o o n (20) , C o n g o (3) , E t h i o p i a (1) , Ger -
m a n D e m o c r a t i c Repub l i c (1) , I n d i a (333),
Ko rea (1) , N iger ia (86) , Pak i s tan (3) , S o u t h
A f r i c a (68) , S u d a n (45) , T u r k e y (1) , U K (27) ,
U S A (28) , and Z i m b a b w e (88).
An e x p e d i t i o n to the h i l l y areas o f the Eastern
Ghats i n I n d i a , i nhab i t ed by several t r i b a l c o m -
mun i t i es , y ie lded 109 p r i m i t i v e cu l t i va rs o f pear l
m i l l e t , and 4 accessions of Pennisetum hohe-
nackeri, a w i l d species of Pennisetum. A m o n g
the cu l t i va ted pear l mi l le ts there are t w o d i s t i nc t
types—ear ly - and la te-matur ing . Ea r l y -ma tu r i ng
mi l le t is loca l l y cal led 'P i t t a g a n t i ' and is usua l ly
g r o w n as a t ransp lan ted c rop . The g ra in is sma l l ,
and e longated , w i t h corneous endospe rm. The
la te -ma tu r i ng type is usual ly g r o w n on h i l l slopes
by the 'Savara ' c o m m u n i t y . The who le g ra in is
cooked l ike r ice. D r i ed leaves of Pennisetum 
hohenackeri are used to make rope f o r weav ing
cots.
We re juvenated 2419 accessions f o r w h i c h the
I C R I S A T botanist collecting pr imi t ive pearl mil let cultivars in A r a k u valley, Eastern Ghats , I n d i a , 1984.
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seed q u a n t i t y was dep le ted . We eva luated 1303
new i n t r o d u c t i o n s i n c l u d i n g the 1983 co l l ec t i on
f r o m P u n j a b .
F o r q u a r a n t i n e inspec t ion a n d seed increase
498 accessions f r o m Cape Verde Is lands (1) ,
F rance (6) , G e r m a n D e m o c r a t i c R e p u b l i c (2) ,
M a l i (3) , M o r o c c o (3) , N ige r (1) , N ige r i a (436) ,
Senegal (5 ) , S o u t h A f r i c a (31) , U S A (8) , and
U S S R (2) were sown in the P E Q I A . These
inc lude the accessions co l lec ted by I C R I S A T
scientists f r o m n o r t h e r n N ige r i a i n 1983, S o u t h
A f r i c a in 1982, and the three pai rs o f male-s ter i le
l ines deve loped by O R S T O M . T h e 58 accessions
f r o m Sier ra Leone s o w n in F e b r u a r y 1983 d i d
no t f l o w e r u n t i l O c t o b e r i n d i c a t i n g the i r s t r ong
d a y l e n g t h sens i t iv i ty . Of the seven accessions
f r o m S u d a n sown in F e b r u a r y 1983, Pennisetum 
purpureum d i d no t f l o w e r t i l l m i d - N o v e m b e r ,
wh i le f o u r o f the cu l t i va ted accessions segre-
gated f o r ear l y - and l a t e - m a t u r i n g types.
Ma le -s te r i l e l ines i den t i f i ed f r o m the G h a n a
and Bo tswana g e r m p l a s m accessions were f o u n d
to have d o w n y m i l d e w resistance. Test crosses
were made w i t h I C R I S A T m i l l e t p o l l i n a t o r s ,
several restorer (41) and m a i n t a i n e r (33) l ines
were i den t i f i ed , and e ight hyb r i ds were deve l -
oped f o r f u r t h e r tes t ing.
D u r i n g the course o f pear l m i l l e t g e r m p l a s m
eva lua t i on a t I C R I S A T Center , n a t u r a l l y -
o c c u r r i n g , v iab le m u t a n t s a f fec t ing c h l o r o p h y l l
deve lopmen t were iso lated and m a i n t a i n e d by
sel f ing. Genet ic studies conduc ted on the na tu re
o f inher i tance o f d i f f e ren t s t r iped characters
establ ished tha t in each case the m u t a n t c o n d i -
t i o n is gove rned by a single recessive gene. As
mos t o f the m u t a n t s can be iden t i f i ed a t g e r m i n a -
t i o n , they can be very va luab le as seedl ing
marke rs f o r m a p p i n g c h r o m o s o m e s .
I n c o l l a b o r a t i o n w i t h the I C R I S A T Pear l
M i l l e t I m p r o v e m e n t P r o g r a m , we eva luated 220
accessions f r o m G h a n a and T o g o a t I C R I S A T
Center , H i sa r , and Bhavan isagar to i den t i f y l ines
f o r f u r t h e r u t i l i z a t i o n . F r o m the q u a r a n t i n e
g r o w - o u t , s ing le-p lan t select ions were made by
the breeders m a i n l y f o r g ra i n c o l o r and size.
A g r o n o m i c a l l y - s u p e r i o r l ines were selected f r o m
the pos t ra i ny season g r o w - o u t . E a r l y and d w a r f
m u t a n t s i nduced f r o m t a l l and l a t e - m a t u r i n g
Pennisetum hohenackeri (above) , a wi ld mil let grow-
ing in the Eastern Ghats , I n d i a , used by the local
farmers to make rope for weaving cots (be low) .
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West A f r i c a n g e r m p l a s m accessions were also
selected f o r y ie ld po ten t i a l test ing.
Chickpea Germplasm
In c o l l a b o r a t i o n w i t h the P lan t Genet ic Re-
sources Center o f E t h i o p i a , we co l lected 210
ch ickpea samples in 1982 and 104 in 1984 f r o m
c h i c k p e a - g r o w i n g prov inces o f E t h i o p i a . The
nor theas te rn reg ion of the c o u n t r y is st i l l to be
co l lec ted . Ch ickpea p o p u l a t i o n s were ex t reme ly
heterogeneous and w i l l be subsampled to make
t h e m u n i f o r m . D u r i n g the year, 831 numbers
were registered in the gene bank of w h i c h several
Chickpea seeds collected in Eth iop ia showing heter-
ogeneity in samples f r o m indiv idual plots.
M e m b e r of the 'Savara' communi ty in the Eastern
Ghats, I n d i a , showing a la te-matur ing type of pearl
mil let that is cooked l ike rice.
came f r o m the Un i t ed States D e p a r t m e n t o f
A g r i c u l t u r e ( U S D A ) gene bank. At present acces-
sions number 13818 representing 40 countr ies.
We con t i nued charac te r i za t ion and eva lua-
t i o n a t l C R l S A T Center and H isa r ; 5525 entr ies
were s o w n , and 3686 eva luated. Nea r l y a l l
entr ies a t H isa r were damaged due to soi l p r o b -
lems. A t I C R I S A T Center , cer ta in ge rmp lasm
sets, landraces, and d r y roo t ro t - resistant acces-
sions were evaluated in repl icated t r ia ls . T h e
g ra in y ie ld pe r fo rmance of some accessions was
bet ter t h a n the con t ro l s . In a test of induced
m u t a n t s , six progenies ou ty ie lded the parent c u l -
t i va r , Cha fa . Some m u t a n t progenies also
showed p romise o f f u s a r i u m w i l t resistance.
In the shor t coo l season a t I C R I S A T Center
f r o m Oc tobe r to M a r c h , i t i s d i f f i cu l t to increase
seeds o f l o n g - d u r a t i o n ch ickpeas. W i t h ex tended
day leng th us ing a r t i f i c i a l l i gh t , ear ly f l o w e r i n g
was induced and we cou ld sa t is fac tor i l y m a i n -
t a i n those accessions and the w i l d species.
Ch ickpea- re la ted d isc ip l ines a t I C R I S A T
Center screened ge rmp lasm accessions f o r resis-
tance to c o l l e t o t r i c h u m b l i gh t (6140), s tunt v i rus
(338), Heliothis armigera (528), and f o r h igher
p ro te i n con ten t (1147). Breeders selected and
evaluated 204 accessions f o r bet ter a d a p t a t i o n to
ear ly sow ing . Phys io log is ts screened 1696 acces-
sions at H i s a r to select management - respons ive
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Using art i f icial l ight at I C R I S A T Center to extend the daylength for long-durat ion chickpea accessions. By this
method we induced early f lower ing and obtained better yields.
and co ld - t o l e ran t genotypes. B iochemis ts w o r k -
i ng on seed q u a l i t y ana lyzed 100-g samples of
deco r t i ca ted , d r i e d , spl i t ch ickpea seeds (dah l ) .
T h e y de te rm ined p r o t e i n percentages and f o u n d
in 1147 samples a range of 19.1 to 3 3 % (mean
24.2%). T h e y also de te rm ined m e t h i o n i n e con-
tent in 500 samples and f o u n d a range of 0.157 to
0 .490g m e t h i o n i n e (mean 0 .276g) , in each 100-g
sample.
Passpor t da ta of 13 818 accessions and charac-
te r i za t i on da ta of 12 500 accessions have been
entered i n t o the c o m p u t e r , and i n f o r m a t i o n is
re t r ievab le f o r users.
O u r g e r m p l a s m users a b r o a d ind i ca ted t h a t
ch ickpea is a p r o m i s i n g c rop in Sr i L a n k a , P h i l i p -
pines, and Bel ize. Ch i ckpea m a y be a new i n t r o -
d u c t i o n in these coun t r ies .
Pigeonpea G e r m p l a s m
T h e w o r l d co l l ec t i on o f p igeonpea g e r m p l a s m
n o w consists of 10 104 accessions f r o m 37 c o u n -
t r ies, w i t h the a d d i t i o n in 1984 of 456 accessions
f r o m A u s t r a l i a (11), Federa l Repub l i c o f Ger -
m a n y (1) , I nd i a (216) , Kenya (143) , M a l a w i (3) ,
M o z a m b i q u e (10), Ph i l i pp ines (17) , S r i L a n k a
(1) , and T a n z a n i a (54). In 1984 we sowed 287
exo t i c l ines in the P E Q I A f o r seed increase and
release. T h e y i nc luded 221 l ines f r o m M a l a w i , 24
f r o m the West Ind ies , 14 f r o m E t h i o p i a , 13 f r o m
N i g e r i a , 6 f r o m Cape Verde Is lands , 4 f r o m
S o u t h A f r i c a , 3 f r o m Sierra Leone , and one each
f r o m C h i n a and the G e r m a n D e m o c r a t i c
Repub l i c .
In 1984 we g rew 1122 l ines f o r charac te r i za -
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t i o n . G o o d p lan t s tand enabled us to record
m o r p h o a g r o n o m i c t ra i ts f r o m over 1100 l ines.
We began charac te r i z ing the ear ly p igeonpeas at
H i sa r in 1983. In o u r f i rs t a t t e m p t we secured
data on 224 of the 278 ear ly l ines we grew there.
In 1984 a f u r t h e r set of 19 ex t ra -ear l y and 294
ear ly l ines were g r o w n at H isa r . A l l l ines estab-
l ished we l l a n d data are be ing recorded . Days to
5 0 % f l o w e r i n g va ry f r o m 70 to 131 and p lan t
height var ied f r o m 105 to 295 c m . Th i s once
again c o n f i r m s tha t m a t u r i t y c lass i f i ca t ion based
on observa t ions recorded a t one l oca t i on may
no t necessari ly h o l d g o o d a t o the r loca t ions .
F r o m the l o n g - d u r a t i o n l ines, we selected 60
land races w i t h impress ive a g r o n o m i c t ra i ts and
conduc ted a p r e l i m i n a r y eva lua t i on of these
t ra i t s . M o s t of the l ines of th is set were also
eva luated a t V i z i a n a g a r a m in c o l l a b o r a t i o n w i t h
the A n d h r a Pradesh A g r i c u l t u r a l Un i ve rs i t y
( A P A U ) , and the I C R I S A T cooperat ive research
s ta t ion a t G w a l i o r .
We grew 935 l ines f o r re juvena t i on . P lan t
stand and f l o w e r i n g were excel lent and we
expect to secure enough quant i t ies of seed to
meet the needs o f ou r c l ients. A l l w i l t - res is tan t
l ines were raised in w i l t - s i ck p lo ts f o r re juvena-
t i o n and f u r t he r test ing.
To iden t i f y pigeonpeas w i t h less p h o t o p e r i o d -
ic sensi t iv i ty , we conduc ted p r e l i m i n a r y screen-
ing of 1080 lines by sow ing at d i f fe ren t per iods in
1983/84, s ta r t ing i n m i d - N o v e m b e r . A l l except
14 lines were f o u n d to be sensit ive. E l i te l ines
chosen f r o m p re l im ina ry screenings are tested
f o r pho tope r i od i c insensi t iv i ty under ex tended
day leng th and in 1983/84, a set of 400 l ines were
screened. Of these, 395 l ines f l owe red , t h o u g h
the days to f l o w e r i n g var ied compared to the
c o n t r o l . A l l the c o n t r o l l ines also f l owered . T h e
test gave us a f u r t he r o p p o r t u n i t y to p u r i f y l ines
w h i c h were segregat ing fo r pho tope r i od i c insen-
W i l d annual species of Cicer showing variat ions in plant and seed morphology .
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Threshing pigeonpeas in M a l a w i . Samples f r o m this
country sent to I C R I S A T Center in 1984 provided
good sources of genes for improv ing vegetable types.
s i t i v i ty . D u r i n g 1984, 400 l ines of ano the r set
were g r o w n under ex tended day leng th to screen
against p h o t o p e r i o d i c insens i t iv i ty and f o r
p u r i f i c a t i o n .
Patho log is ts screened 190 lines f o r resistance
to w i l t (Fusa r ium udum) and s ter i l i t y mosaic
diseases, and 2079 l ines f o r p h y t o p h t h o r a b l igh t
(Phytophthora drechslerif. sp. ca j an i ) , and en to -
molog is ts screened 81 lines f o r insect resistance.
A t o t a l of 258 lines were ana lyzed by the B i o -
chemis t ry U n i t to record seed p ro te i n con ten t . I t
var ied f r o m 15.2 to 24 .0%, w i t h a mean o f 20 .0%.
We assembled t h r o u g h cor respondence a n d
co l lec t ion a n u m b e r o f w i l d relat ives o f p i geon -
pea. These inc luded 11 species of Rhynchosia 
f r o m M a l a w i and S o u t h A f r i c a , 3 species of Aty-
losia f r o m A u s t r a l i a and E t h i o p i a , and an E r io-
sema species f r o m E t h i o p i a . A l l these are n o w in
o u r i so la t i on f i e ld . A t present the w i l d gene p o o l
consists of 192 accessions represent ing 46 species
and 6 genera.
To re juvenate w i l d species accessions and u t i l -
ize some of t h e m f o r i n t rog ress ion , a t o t a l o f 21
accessions be long ing to 11 species and 2 genera
were raised i n the I C R I S A T Bo tan i ca l G a r d e n .
We c o n f i r m e d male s ter i l i ty i n t w o accessions
w h i c h are n o w being g r o w n f o r seed increase.
Passpor t da ta o f a l l registered accessions and
eva lua t i on data o f a l l eva luated l ines are n o w
ava i lab le in an eas i ly - re t r ievable c o m p u t e r
system.
Groundnut Germplasm
D u r i n g 1984 we c o n t i n u e d to co l lect and assem-
ble g r o u n d n u t g e r m p l a s m , ra i s ing o u r t o t a l
accessions to 11 488. T h e i n t r o d u c t i o n s inc luded
m a t e r i a l co l lected by o ther o rgan i za t i ons f r o m
U S A (205, i n c l u d i n g 10 w i l d Arachis species),
Z a m b i a (58) , and S u d a n (9) , and assembled f r o m
k n o w n resource centers e.g., Cen t re N a t i o n a l de
Recherches A g r o n o m i q u e s ( C N R A ) , B a m b e y ,
Senegal (148) ; S o u t h e r n R e g i o n a l P lan t I n t r o -
d u c t i o n S t a t i o n ( S R P I S ) , E x p e r i m e n t , Geo rg ia ,
U S A (274) , and C r o p B reed ing I ns t i t u t e , ( C B I ) ,
H a r a r e , Z i m b a b w e (57). T h e accessions c o l -
lected by I C R I S A T scientists in I n d i a (23) in
1984, and in N ige r ia (52) , S ier ra Leone (4) , and
S o u t h A f r i c a (9) d u r i n g 1983 were released
t h r o u g h q u a r a n t i n e d u r i n g 1984. M o s t o f the
i n t r o d u c t i o n s were m u l t i p l i e d d u r i n g the ra iny
season and a few of t h e m were p lan ted d u r i n g the
pos t ra iny season. These new accessions have
c o n t r i b u t e d to a s ign i f i can t increase in the a v a i l -
ab le g r o u n d n u t v a r i a b i l i t y i n I C R l S A T ' s gene
b a n k .
I n c o l l a b o r a t i o n w i t h the C e n t r o N a c i o n a l de
Recursos Genet icos ( C E N A R G E N ) o f Empresa
Bras i le i ra de Pesquisa A g r o p e c u a r i a ( E M -
B R A P A ) , the I n t e r - A m e r i c a n Ins t i t u te f o r Co-
o p e r a t i o n on A g r i c u l t u r e ( I I C A ) , and 1 B P G R , a 
co l l ec t i on m iss ion was u n d e r t a k e n f r o m 10 to 28
Genetic Resources Unit 13
A p r i l , i n M a t o Grosso d o Su l Sta te , B r a z i l ,
w h i c h is one o f the m a i n centers o f d ivers i ty f o r
Arachis. A t o t a l of 73 Arachis samples were
col lected and an a d d i t i o n a l 31 p o p u l a t i o n s were
sampled f o r the h e r b a r i u m . Rhizohium nodu les
were ob ta ined f r o m 27 Arachis p o p u l a t i o n s . T h e
species co l lected be longed to three sect ions—
Arachis, Erectoides (series Trifoliolatae and
Tetrafoliolatae), and Rhizomatosae. We c o l -
lected one accession w h i c h c o u l d be a new spe-
cies in sect ion Arachis. We also ob ta ined
i n f o r m a t i o n on conserva t ion o f the species in
the i r n a t u r a l hab i t a t , and on the occurrence o f
pests and diseases. I t appears tha t Arachis m a y
be in fected by va r ious diseases to a h igher degree
t h a n was p rev ious ly t h o u g h t .
D u r i n g the ra iny season 2698 accessions
i n c l u d i n g 146 new ar r i va ls were g r o w n f o r seed
increase as we l l as f o r cha rac te r i za t i on of va r ious
m o r p h o a g r o n o m i c characters us ing the I C R I -
S A T / I B P G R g r o u n d n u t descr ip to rs . D u r i n g
the pos t ra i ny season 3157 accessions i n c l u d i n g
490 new i n t r o d u c t i o n s were g r o w n , m a i n l y f o r
re juvena t i on and seed m u l t i p l i c a t i o n . I n c o l l a b -
o r a t i o n w i t h I C R I S A T g r o u n d n u t scient ists w e
screened a b o u t 8000 accessions f o r insect , d is -
ease, and d r o u g h t resistances. P r e l i m i n a r y
results ind ica te new sources o f resistance t o , or
to lerance of , rust (Puccinia arachidis), ye l l ow
m o l d (Aspergillus flavus), and leaf m i n e r
(Aproaerma modicella). Seventy- three w i l d spe-
cies accessions were g r o w n f o r seed increase
because o f increased d e m a n d fo r eva lua t i on and
u t i l i z a t i o n .
D o c u m e n t a t i o n has been f u r t h e r s t rengthened
by c o m p u t e r i z i n g passport da ta f o r 33 descr ip -
to rs f o r 10 000 accessions, and c o m p u t e r i z a t i o n
of eva lua t i on data is in progress.
A shor t -pe t io le m u t a n t ( I C G 10145) was i den -
t i f i ed and f o u n d to be t rue b reed ing . T h e i nhe r i t -
ance of th is character is be ing s tud ied in
c o l l a b o r a t i o n w i t h g r o u n d n u t breeders.
I C G 10145, a t rue-breeding, short-petiole mutant identif ied f r o m our accessions. We are now studying the
inheritance of this character wi th I C R I S A T groundnut breeders.
14 Genetic Resources Unit 
M i n o r Mil lets Germplasm
A t o t a l o f 480 new accessions o f f i ve c r o p species
(Tab le 2 ) received f r o m B u r u n d i , I n d i a , J a p a n ,
M e x i c o , M o z a m b i q u e , S u d a n , T a n z a n i a , U K ,
Z a m b i a , a n d Z i m b a b w e were re juvena ted d u r -
i n g the year ra i s ing the t o t a l gene b a n k ho ld ings
t o 4992. T h e N a t i o n a l P l a n t Q u a r a n t i n e Service
released 180 accessions f r o m : H u n g a r y (104) ,
K e n y a (56) , a n d S o u t h A f r i c a (20). T h e y are i n
the P E Q l A a w a i t i n g release.
U s i n g f u n d s p r o v i d e d b y 1 B P G R , w e w o r k e d
on the Setaria italica and Panicum miliaceum 
accessions he ld i n o u r co l l ec t i on , and charac ter -
ized a n d c lassi f ied 1256 accessions o f f o x t a i l and
750 accessions o f p roso mi l le ts .
We d i s t r i b u t e d 200 seed samples o f f i nge r
m i l l e t (Eleusine coracana) to U g a n d a .
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gen a n d i n v i t r o cu l t u re techn iques represents
p o t e n t i a l w o r k i n the f u t u r e .
O u r i n t rog ress ion w o r k t o i n c o r p o r a t e resis-
tance genes f r o m w i l d re lat ives w i l l be g iven
m o r e emphasis i n the f u t u r e . I n genera l , w e w i l l
a t t e m p t t o g ive m o r e a t t e n t i o n t o the conserved
m a t e r i a l , n o t o n l y t o m o n i t o r i ts v i a b i l i t y , b u t
also to unde r take specif ic research w o r k on the
stored m a t e r i a l . L o n g - t e r m storage of seeds at a 
t empera tu re o f - 1 8 ° C in sealed con ta iners is
p lanned to enable us to preserve the o r i g i n a l
samples w i t h o u t sub jec t ing t h e m to f r equen t
re juvena t ions . Progress has been made in the
c o n s t r u c t i o n o f s torage chambers , bu t the e q u i p -
men t has yet to be ins ta l led .
T h e c o l l e c t i o n p r o g r a m w i l l be f u r t h e r acceler-
ated d e p e n d i n g on the ava i l ab i l i t y o f resources.
M o r e speci f ic and p o i n t e d co l lec t ions w i l l be
made in areas where i m p o r t a n t genet ic t ra i ts
have been i den t i f i ed . In a l l cases o u r co l l ec t i on
p r o g r a m s w i l l be u n d e r t a k e n in close c o l l a b o r a -
t i o n w i t h n a t i o n a l p r o g r a m s a n d scient ists.
In o rde r to p r o m o t e a safe and p r o p e r g e r m -
p lasm c o l l e c t i o n , e v a l u a t i o n , c o n s e r v a t i o n , a n d
u t i l i z a t i o n p r o g r a m , i t has been p roposed to
establ ish reg iona l genet ic resources ac t iv i t ies f o r
A f r i c a a n d the A m e r i c a s . T h e f i rs t such reg iona l
p r o g r a m w i l l b e i n i t i a ted a t the I C R l S A T Sahe-
l i an Center ( I S C ) , N ige r .
W e w i l l a lso e x p a n d o u r research ac t iv i t ies i n
the areas o f g e r m p l a s m v i a b i l i t y , genet ic s tudies,
the effect o f l o n g - t e r m co ld storage on the
genet ic and cy togenet ic aspects o f o u r c rops , the
effect o f insect ic ides a n d fung ic ides on seed v i a -
b i l i t y o f conserved g e r m p l a s m , a n d w i l l search
f o r new desi rable genes, genet ic m a r k e r s , and
the i r m o d e o f inher i tance . T h e possib le use and
a p p l i c a t i o n o f o the r me thods o f g e r m p l a s m c o n -
serva t ion a n d ma in tenance , such as l i q u i d n i t r o -
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S O R G H U M
T h e m a i n ob jec t i ve o f the S o r g h u m I m p r o v e -
m e n t P r o g r a m con t i nues t o b e deve lopmen t o f
h i g h - y i e l d i n g , s table var ie t ies a n d h y b r i d s w i t h
acceptab le f o o d q u a l i t y . T o meet th i s ob jec t i ve ,
w e concen t ra te o n d e v e l o p i n g , o r i m p r o v i n g
screening techn iques f o r phys i ca l ( ab i o t i c ) and
b i o l o g i c a l ( b i o t i c ) y i e l d - l i m i t i n g fac to rs ; screen-
i ng g e r m p l a s m accessions a n d b reed ing m a t e r i a l
f o r sources o f resistance a n d o the r des i rab le
p l a n t a n d g r a i n q u a l i t y t ra i t s ; a n d o n u t i l i z i n g
m a t e r i a l i den t i f i ed i n the b reed ing p r o g r a m .
O u r g l o b a l s o r g h u m research ac t iv i t ies are
concen t ra ted a t I C R I S A T Center , o u r C o o p e r a -
t ive R e g i o n a l P r o g r a m s i n Wes t , eastern and
sou the rn A f r i c a , and i n C e n t r a l A m e r i c a a n d
M e x i c o . T h i s r e p o r t covers research results f r o m
1984 as we l l as those f r o m 1983 w h i c h c o u l d n o t
be repo r ted in the 1983 A n n u a l R e p o r t .
In I n d i a , we used several l oca t ions where h i g h
stress fac to rs occu r regu la r l y , to adequa te l y
screen g e r m p l a s m accessions a n d b reed ing m a t e -
r ia l f o r resistance to va r i ous stresses. T h e l oca -
t i ons f o r s tem bo re r and an th racnose disease are
H i s a r a n d Pan tnaga r , b o t h i n n o r t h e r n I n d i a ;
A n a n t a p u r i n sou the rn I n d i a f o r d r o u g h t ;
B i j a p u r a n d A k o l a f o r Striga asiatica, D h a r w a d
f o r s o r g h u m d o w n y m i l d e w a n d m i d g e , a n d B h a -
van isagar (near C o i m b a t o r e ) where we eva luate
m a t e r i a l f o r a d a p t a t i o n t o la t i tudes near the
equa to r .
W e c o n d u c t e d several r eg iona l a n d i n t e r n a -
t i o n a l , m u l t i l o c a t i o n a l disease a n d insect-pest
nurser ies a n d a d a p t a t i o n t r ia ls i n A s i a , A f r i c a ,
Cen t ra l A m e r i c a , a n d M e x i c o t o l ea rn m o r e
a b o u t the resistance s tab i l i t y o f i den t i f i ed resis-
t a n t m a t e r i a l , and the a d a p t a t i o n o f i m p r o v e d
var ie t ies a n d h y b r i d s over a w ide range o f e n v i -
r o n m e n t s . O u r coope ra to rs i n those coun t r i es
eva luated the m a t e r i a l a n d selected var ie t ies a n d
h y b r i d s su i tab le f o r the i r e n v i r o n m e n t s f o r
f u r t h e r tes t ing , o r f o r use i n b reed ing p r o g r a m s .
Progress was g o o d i n i m p r o v i n g a n d s tan -
d a r d i z i n g o u r screening techn iques f o r v a r i o u s
ab io t i c a n d b i o t i c f ac to rs , w h i c h enab led us t o
screen g e r m p l a s m a n d b reed ing l ines w i t h m o r e
c o n f i d e n c e . W e i d e n t i f i e d m a t e r i a l w i t h
d rough t - res i s tan t t r a i t s , capable o f e m e r g i n g
t h r o u g h h o t , c rusted soi ls , resistant t o g r a i n
m o l d s , d o w n y m i l d e w , a n d leaf diseases, Striga 
asiatica, m i d g e , shoo t f l y , a n d s tem b o r e r .
Severa l o f o u r var iet ies a n d h y b r i d s were e v a l -
uated i n advanced m u l t i l o c a t i o n a l n a t i o n a l t r ia ls
a n d o n f a r m e r s ' f ie lds i n m a n y coun t r i es . I n
I n d i a , I C S V l ( S P V 3 5 1 ) was released as
C S V 1 1 , a n d o u r s o r g h u m h y b r i d S P H 221 was
tested in m i n i k i t t r ia ls . In G u a t e m a l a , M 90975
and M 91057 were released as I C T A - C 25 a n d
I C T A - C 2 1 .
Phys ica l Stresses
Drought Resistance
G e r m p l a s m screen ing. We screened g e r m -
p lasm accessions and b reed ing l ines f o r d r o u g h t -
resistant t ra i t s unde r severe e n v i r o n m e n t a l stress
c o n d i t i o n s d u r i n g the 1983 and 1984 s u m m e r
seasons a t I C R I S A T Center , and 1984 ra i ny
season a t A n a n t a p u r ,
In 1983, a t o t a l o f 700 selected g e r m p l a s m
co l l ec t i on ent r ies a n d advanced b reed ing l ines
were screened d u r i n g the s u m m e r a t I C R I S A T
Center . T h e m a t e r i a l was d i v i d e d i n t o three
g r o u p s ; the f i r s t t w o g roups comp r i sed g e r m -
p l a s m co l l ec t i on l ines selected f r o m a w ide range
o f t a x o n o m i c g r o u p s , geog raph i ca l l oca t i ons ,
and c l ima tes , w h i l e the t h i r d g r o u p i nc luded
b o t h g e r m p l a s m c o l l e c t i o n l ines, a n d 70
advanced b reed ing l ines. T h e three g roups o f
m a t e r i a l , s o w n a t m o n t h l y in te rva ls s ta r t i ng i n
ear ly F e b r u a r y u n t i l A p r i l , were establ ished w i t h
i r r i g a t i o n f o r 15-18 days . I r r i g a t i o n was t hen
d i s c o n t i n u e d , a n d stress was i m p o s e d .
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We e x a m i n e d i n de ta i l the three t ra i t s ind ica ted
be low:
1. Des i cca t i on to le rance or avo idance , i.e., a 
measure o f the a m o u n t o f leaf area tha t
rema ined unscorched o r ' f i r e d ' . We scored
leaf f i r i n g a t regu la r in terva ls d u r i n g the stress
pe r i od on a 1 to 5 scale, where 1 = less t h a n
2 0 % leaves f i r e d , a n d 5 = over 8 0 % leaves
f i r e d .
2. Recovery resistance, i.e., a b i l i t y of a l ine to
c o n t i n u e to p roduce new leaves once the ra ins
beg in . We scored recovery resistance on a 1 to
5 scale, where 1 = over 8 0 % recovered , a n d
5 = less t h a n 2 0 % recovered.
3. A g r o n o m i c score, i.e., the a b i l i t y of a stressed
l ine to p roduce g r a i n w h e n the r a i n comes.
We e x a m i n e d the results o f the 1983 screen-
ings and re ta ined l ines that had a l ea f - f i r i ng score
between 1 and 2.99 a n d 3.99 and 5, i.e, the l ines
most resistant and suscept ib le to leaf f i r i n g . F i g -
ure 1 shows the effects of stresses due to heat and
lack o f wa te r on t yp i ca l l y resistant and suscept i -
ble l ines. We selected 266 l ines f o r f u r t h e r screen-
i ng in 1984. F r o m the 1983 exper imen ts we
conc luded tha t a M a r c h p l a n t i n g gave the mos t
sui tab le and re l iab le select ion pressure.
T h e 266 selected l ines were s o w n on 16 M a r c h ,
1984 i n an A l f i s o l a t I C R I S A T Center i n f o u r
rep l i ca t ions . T h e c r o p was establ ished w i t h i r r i -
g a t i o n a n d stress imposed a f te r 20 days. A l l the
l ines exper ienced stresses f r o m heat and lack o f
wate r f o r a pe r iod of 66 days. D u r i n g the stress
pe r iod on l y 4.5 mm o f r a i n f e l l , and the m e a n
m a x i m u m tempera tu res were close to 40° C . T h e
stress ended 88 days a f ter emergence ( D A E ) f o l -
l o w i n g 21.6 m m o f r a i n . W e scored the m a t e r i a l
f o r leaf f i r i n g a t 48 , 6 1 , 70 , a n d 83 days a f te r
sow ing ( D A S ) , f o r recovery resistance a t 8 9 , 9 4 ,
102, and 117 D A S , and f o r a g r o n o m i c scores
w h e n the l ines reached phys io log i ca l m a t u r i t y .
We observed 28 l ines f r o m va r ious t a x o n o m i c
g roups o r i g i n a t i n g f r o m 12 coun t r ies w i t h a 
range o f a l t i tudes and ra in fa l l s t o be b o t h f i r i n g -
resistant ( F R ) , and able to recover f r o m severe
stress ( R R ) (Tab le 1). Th ree of these l ines a lso
Figure 1. Effects of stresses due to heat and lack of
water on t w o sorghum cult ivars, IS 22327 ( lef t ) , a 
resistant line f r o m Botswana, and IS 12741 ( r ight ) , a 
susceptible line f r o m C h i n a , I C R I S A T Center , 1984.
had g o o d g ra i n y ie lds. The g r o u p i nc luded t w o
accessions IS 1347 f r o m Egyp t , and IS 13441
f r o m Z i m b a b w e ( F i g . 2 ) and a n I C R I S A T
advanced h y b r i d , S P H 225. Seed o f a l l the p r o m -
is ing l ines were sent to scientists in A u s t r a l i a ,
U S A , and Z i m b a b w e f o r f u r t h e r e v a l u a t i o n
under the i r g r o w i n g c o n d i t i o n s .
T h e same 266 l ines were sown aga in on 13 J u l y
1984 a t A n a n t a p u r where the ra ins were p o o r in
1984 (151 mm ra i n d u r i n g the g r o w i n g season,
and o n l y 18.5 mm d u r i n g the stress pe r i od ) . T h e
m e a n m a x i m u m tempera tu re a t A n a n t a p u r was
3 0 . 4 ° C . M a n y l ines were c o m p l e t e l y k i l l e d , bu t
10 l ines were F R , and 27 RR a f te r o n l y 41 mm
r a i n . S i x l ines were b o t h F R and R R , a n d one o f
these, S P H 263, had a g o o d a g r o n o m i c score.
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T h i s h y b r i d a lso recovered f r o m severe stress a t
I C R I S A T Center . T h e t w o p r o m i s i n g h y b r i d s
S P H 225 and S P H 263 w i l l be eva lua ted i n f i e ld
scale t r ia ls a t A n a n t a p u r in 1985.
Crop Establishment
H i g h so i l tempera tu res reduce seedl ing emer -
gence i n s o r g h u m . W e repo r ted ear l ie r ( I C R I -
S A T A n n u a l R e p o r t s 1982, p.41 a n d 1983, p.19)
a t e c h n i q u e to s t u d y s e e d l i n g - e m e r g e n c e
response to h i g h so i l tempera tu res .
T h e W e l s h P lan t B reed ing S t a t i o n , U K , deve l -
oped a techn ique to measure p r o t e i n synthesis
d u r i n g g e r m i n a t i o n where 10 e m b r y o - c o n t a i n -
i n g half-seeds were i ncuba ted w i t h 1 mL b u f f e r
[20 m M - T r i s - H C l , p H 7.5, 5 m M M g C l 2 bu f f e r ,
c o n t a i n i n g 0.03 m g m L -
1
 c h l o r a m p h e n i c o l a n d
1uCi (37 k B q ) o f a ( U -
1 4
C ) ] a m i n o ac id m i x t u r e .
A f t e r 1 h the samples were r e m o v e d , r insed a n d
b l o t t e d , t hen h o m o g e n i z e d , ex t rac ted w i t h 1 m L
H 2 0 , a n d cen t r i f uged at 13 000 g f o r 5 m i n .
S u p e r n a t a n t (100 u1) was spo t ted o n t o glass f i b re
discs, n o n i n c o r p o r a t e d rad ioac t i ve s o l u t i o n was
Tab le 1 . S o r g h u m lines identi f ied a s hav ing f i r ing resistance ( F R ) a n d recovery resistance ( R R ) traits a t I C R I S A T
Center , summer season 1984.
E n t r y O r i g i n E l e v a t i o n ( m )
2
R a i n f a l l ( m m )
3 T a x o n o m i c g r o u p
IS 8564 C h a d -
1
- C a u d a t u m
I S 1347 E g y p t - - C a u d a t u m b i c o l o r
I S 1096 I n d i a 500 800 D u r r a
I S 22064 I n d i a 500 500 D u r r a
M 35-1 I n d i a 500 700 D u r r a
S P H 225 I n d i a - - -
S P V 138 I n d i a - - -
S P V 386 I n d i a - - -
S P V 394 I n d i a - - -
IS 18463 I n d i a - - K a f i r c a u d a t u m
IS 18465 I n d i a 560 800 D u r r a
IS 20965 K e n y a 1100-1500 - D r u m m o n d i i
IS 20969 K e n y a 1100-1500 - C a u d a t u m
IS 21479 M a l a w i 70 800 G u i n e a
IS 3898 M a l i - - G u i n e a b i c o l o r
IS 23687 M o z a m b i q u e 250 900 G u i n e a
IS 8344 P a k i s t a n - - D u r r a
IS 22380 S u d a n 600 450 C a u d a t u m
I S 3511 S u d a n - - K a f i r c a u d a t u m
IS 9708 S u d a n - - C a u d a t u m
IS 12737 T a i w a n - C a u d a t u m
I S 113 U S A - - K a f i r c a u d a t u m
I S 121 U S A - - K a f i r c a u d a t u m
I S 13441 Z i m b a b w e - - C a u d a t u m
IS 13446 Z i m b a b w e - - C a u d a t u m
C S H 5 I n d i a - - -
C S H 8 I n d i a - - -
C S H 9 I n d i a - - -
1 . D a t a n o t a v a i l a b l e .
2 . N e a r e s t k n o w n p o i n t t o a rea o f c o l l e c t i o n .
3 . M e a n a n n u a l r a i n f a l l i n a r e a o f c o l l e c t i o n .
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washed o f f , a n d the discs were a i r - d r i e d a n d
c o u n t e d i n a t o l u e n e / T r i t o n / P P O s c i n t i l l a n t .
Each sample was tested at t empera tu res be tween
30 and 40° C. Seed size va r i a t i ons were cor rec ted
by us ing so lub le p r o t e i n as the basis o f
express ion .
T a b l e 2 shows the emergence percentages of
the ent r ies a t f o u r so i l t empera tu res us ing the
m e t h o d descr ibed i n l C R I S A T A n n u a l R e p o r t
1982, p . 4 1 . Emergence genera l l y decreased as
tempera tu res increased, and a t a l l t empera tu res
var iet ies had h igher emergence percentages t h a n
h y b r i d s ; e.g. , there was a t w o f o l d d i f fe rence in
the m e a n emergence percentage between the
lowest va r i e t y ( S P V 386) , and the lowest h y b r i d
( C S H 1).
Figure 2 . S o r g h u m cult ivar IS 13441 f r o m Z i m b a b w e
wi th f i r ing resistance and abil i ty to recover f r o m
severe stress. This line has also produced good grain
yields on large panicles ( lef t ) .
F i g u r e 3 shows the p r o t e i n synthesis d a t a ,
expressed as rad ioac t i ve coun ts per m i n u t e
i n c o r p o r a t e d i n t o p r o t e i n , f o r t w o var ie t ies a n d
t w o h y b r i d s . T h e rates o f a m i n o ac id i n c o r p o r a -
t i o n a t l o w e r tempera tu res (37-38° C ) were m u c h
h igher i n var ie t ies ( C S V 5 a n d S P V 386) b u t p r o -
te in l abe l l i ng d i m i n i s h e d sha rp l y a f te r 38° C . T h e
l o w e r m a x i m u m rates o f i n c o r p o r a t i o n mea -
sured in the t w o h y b r i d s were a c c o m p a n i e d by a 
m o r e g r a d u a l dec l ine phase.
S o r g h u m is m a r k e d l y a f fected by h i gh temper -
a tu re , as d e m o n s t r a t e d by its ef fect on seedl ing
emergence, and on the rates o f e m b r y o p r o t e i n
synthesis. T h e results f r o m the expe r imen ts
show tha t these t w o responses to t e m p e r a t u r e
are c losely re la ted . P r o t e i n synthesis is the re fo re
a p rerequ is i te f o r seedl ing g e r m i n a t i o n , a n d in
s o r g h u m , tempera tu res o f 40° C a n d above
i n h i b i t b o t h the rate o f e m b r y o p r o t e i n synthesis ,
and seedl ing emergence.
T h e l o w e r levels o f p r o t e i n synthesis a n d per -
centage emergence in the h y b r i d s over the
t e m p e r a t u r e range 3 0 - 4 0 ° C are i m p o r t a n t . I t
can be pos tu la ted t h a t i f a speci f ic level of
e m b r y o p r o t e i n synthesis is necessary f o r suc-
Tab le 2 . Effects o f four soil temperatures ( ° C ) on
sorghum seedling emergence ( % ) , laboratory test,
I C R I S A T Center 1982 .
S o i l t e m p e r a t u r e ( ° C )
35 40 45 50
E n t r y S e e d l i n g emergence (%)
H y b r i d s
C S H I 46 27 20 0
C S H 5 70 35 -
1
-
C S H 6 70 40 - -
Var ie t i es
S P V 354 85 70 67 0
S P V 386 90 83 15 0
S P V 387 90 65 50 0
C S V 5 73 93 80 0
S E ±6.2 ±10.1 ±13.0
M e a n 74.9 59.0 46 .4 0
C V (%) 21 44 61
1 . N o t tes ted a t these t e m p e r a t u r e s .
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cessful g e r m i n a t i o n a n d emergence, t h e n h y b r i d s
w o u l d f a l l b e l o w a g i ven va lue a t a l o w e r t e m p e r -
a tu re t h a n w o u l d var ie t ies . T h i s i s a lso sup -
p o r t e d by the da ta in T a b l e 2 w h i c h shows
m a r k e d d i f ferences be tween the percentage
emergence o f h y b r i d s a n d n o n h y b r i d s . W e p l a n
to c o n d u c t m o r e studies i n v o l v i n g a w i d e r range
o f var ie t ies a n d h y b r i d s t o be t te r unde rs tand the
reasons f o r th is f ind ing .
g r a i n m o l d s b y the f o l l o w i n g v i sua l q u a l i t a t i v e
m e t h o d based o n the mo ld iness o f the g r a i n .
Pan ic les a n d threshed g ra ins are ra ted 14 days
a f te r p h y s i o l o g i c a l m a t u r i t y , on a 1 to 5 scale,
where 1 = no m o l d , a n d 5 = m o r e t h a n 5 0 % gra ins
in a pan ic le m o l d e d ( f o r pan ic le g r a i n m o l d ra t -
i n g , P G M R ) , o r m o r e t h a n 5 0 % g r a i n sur face
area m o l d e d ( f o r th reshed g r a i n m o l d r a t i n g ,
T G M R ) . W h i l e th is m e t h o d i s r a p i d , a n d has
been successful ly used to i d e n t i f y res is tant l ines,
i t has ce r ta i n d isadvantages because: 1 . i t is n o t
q u a n t i t a t i v e , a n d there fo re subject t o e r r o r
t h r o u g h d i f ferences i n pe rcep t i on o f mo ld iness
by d i f f e ren t i n d i v i d u a l s , 2 . g r a i n co lo rs o the r
t h a n w h i t e o f t en in te r fe re w i t h m o l d appearance
on the g r a i n , a n d 3 . f u n g a l g r o w t h ins ide the
g r a i n i s n o t cons ide red .
To o v e rc o me these p r o b l e m s we eva lua ted the
ergos te ro l assay m e t h o d f o r d e t e r m i n i n g resis-
tance o r suscep t ib i l i t y t o s o r g h u m g r a i n m o l d s .
T h i s m e t h o d was deve loped b y D r . L . M . Sei tz o f
the U .S . G r a i n M a r k e t i n g Research L a b o r a t o r y ,
M a n h a t t a n , Kansas , U S A , t o measure f u n g a l
b iomass in cereal g ra ins . T h e m e t h o d is speci f ic
t o f u n g i because a m o n g a l l p l a n t a n d a n i m a l
systems, e rgos te ro l is present o n l y in f u n g i as a 
s t r u c t u r a l c o m p o n e n t o f the p lasma me mb ran es .
T h e seed e rgos te ro l con ten ts o f s o r g h u m l ines
f r o m the 1983 ra i ny season g r a i n m o l d screen ing
nurse ry cons i s t i ng of 31 res is tant , 4 m o d e r a t e l y -
res is tant , a n d 4 h igh ly -suscep t ib le genotypes
were ana lyzed by D r . Sei tz. He a lso ana lyzed f o r
c o m p a r i s o n , seed o f the same genotypes g r o w n
u n d e r i r r i g a t i o n d u r i n g the 1983 /84 pos t r a i ny
season t h a t was v i sua l l y m o l d - f r e e .
Resul ts showed ( T a b l e 3 ) t h a t s ix l ines w i t h
e rgos te ro l con ten ts o f up t o 10 p p m , the t h r e -
sho ld level f o r resistance, were a lso ra ted resis-
t a n t b y the v i sua l assessment m e t h o d . H o w e v e r
s ix l ines, IS 10892, IS 19953, IS 17141 , IS 3585,
IS 9498 , a n d IS 2 1 6 5 1 , v i sua l l y assessed as resist-
a n t , h a d e rgos te ro l levels o f 14.21 t o 22.11 p p m
i n d i c a t i n g t h a t they were d a m a g e d b y m o l d s . A l l
t h e h i g h l y - s u s c e p t i b l e a n d m o d e r a t e l y -
suscept ib le l ines had h i g h levels o f e rgos te ro l .
G r a i n o f S P V 104 was v i r t u a l l y a mass o f f u n g a l
hyphae c o n f i r m e d b y i ts h i g h e rgos te ro l c o n t e n t .
These resul ts c o n f i r m the usefulness o f the
CSV 5 
SPV 386
CSH 6 
CSH 5 
Figure 3. E m b r y o prote in synthesis expressed as
radioact ive counts m i n
- 1
 ( d p m ) incorporated mg
- 1
protein o f sorghum varieties C S V 5 and S P V 386 , a n d
hybrids C S H 5 and C S H 6, dur ing 16 h imb ib i t ion at
dif ferent temperatures, Welsh P lan t Breeding S t a t i o n ,
1982.
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Bio t ic Stresses
Diseases
Gr a in M o l d s
D e t e r m i n i n g resistance by the e rgos te ro l assay
m e t h o d . W e n o r m a l l y rate s o r g h u m l ines f r o m
the I C R I S A T screen ing nu rse ry f o r resistance t o
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T a b l e 3 . V isua l gra in m o l d rat ings a n d ergosterol
content ( p p m ) o f grains o f selected sorghum geno-
types, I C R I S A T Center , ra iny a n d postra iny seasons
1983 .
E r g o s t e r o l c o n t e n t
V i s u a l m o l d score o f
r a i n y season g r a i n
( p p m )
4
R a i n y
. season
g r a i n
P o s t r a i n y
season
g r a i nG e n o t y p e P G M R ' T G M R »
I S 21454 1.9 2.0 3.09 0.19
I S 2454 2.0 2.0 3.75 .2
I S 20620 1.9 1.8 4.87 0.74
IS 14388 2.0 1.8 4.92 0.32
IS 14387 2.0 1.8 5.08 0.18
I S 2867 1.8 1.9 5.14 0.23
IS 10892 2.0 2.0 14.21 0.52
IS 19953 2.1 2.5 15.69 0.06
I S 17141 2.0 2.3 16.90 0.14
I S 634 2.4 3.5 19.86 -
IS 3585 2.0 2.7 20.58 -
IS 9498 2.0 2.1 20 .92 0.05
I S 21651 2.2 2.2 22.11 -
I S 21901 2.0 3.1 28.04 -
I S 402 4.2 4 .9 29.69 -
I S 417 4.4 4.5 30.12 -
IS 18758 4.0 3.5 40.98 0.07
I S 9832 2.0 3.8 42 .67 -
C o n t r o l s
C S H 1 4.5 5.0 4 6 . 3 4 N D
3
S P V 104 5.0 5.0 142.10 < 0 . 0 3
S E ±0.09 ±0.23 ±1.73 -
C o r r e l a t i o n s
P G M R 0 . 8 5 * * 0 . 7 6 * *
T G M R 0 . 7 3 * *
1. R a t i n g s based on a 1 to 5 sca le , w h e r e 1 = no m o l d , a n d 5 -
m o r e t h a n 5 0 % g r a i n s i n a p a n i c l e m o l d e d ( f o r p a n i c l e
g r a i n m o l d r a t i n g , P G M R ) , o r m o r e t h a n 5 0 % g r a i n
s u r f a c e a r e a m o l d e d f o r T G M R .
2 . D a t a n o t a v a i l a b l e .
3 . N o t d e t e c t a b l e .
4 . E r g o s t e r o l c o n t e n t o f r a i n y season s a m p l e s used t o c o m -
p u t e c o r r e l a t i o n s .
e rgos te ro l assay m e t h o d f o r d e t e r m i n i n g resis-
tance t o g r a i n m o l d s . T h e m e t h o d i s q u a n t i t a -
t i ve , r a p i d , a n d re l i ab le , b u t requ i res the use o f
H i g h P e r f o r m a n c e L i q u i d C h r o m a t o g r a p h y
e q u i p m e n t ( H P L C ) .
Resistance screening. R o u t i n e screen ing f o r
g r a i n m o l d resistance i s c o n d u c t e d in a l a rge -
scale f i e l d nu rse ry a t I C R I S A T Cen te r (see
I C R I S A T A n n u a l R e p o r t 1981 , p.32). S o r g h u m
l ines i d e n t i f i e d as res is tant in one year c o n t i n u e
to be screened i n the f o l l o w i n g years f o r s t ab i l i t y
o f resistance. T h i s year , i n p r e l i m i n a r y screen-
i n g , we eva lua ted 182 g e r m p l a s m accessions
f r o m the Genet ic Resources U n i t , a n d selected
51 c o l o r e d - g r a i n l ines f o r f u r t h e r screen ing. I n
advanced screen ing, 76 c o l o r e d - g r a i n l ines f i r s t
i den t i f i ed as res is tant in 1980, a n d 53 l ines i d e n t i -
f i ed i n 1982, were aga in f o u n d to be res is tant .
Biochemical mechanisms of resistance. We
made p r e l i m i n a r y b i o c h e m i c a l i nves t iga t i ons o n
f i ve cu l t i va r s a n d f o u n d t h a t mo ld - res i s tan t c u l -
t i va rs h a d m u c h h ighe r c o n c e n t r a t i o n s o f f l a v a n -
4-o ls t h a n suscept ib le cu l t i va r s . We f o u n d a 
s i m i l a r r eac t i on w h e n leaves o f mo ld - res i s tan t
a n d mo ld -suscep t i b l e cu l t i va r s g r o w n i n the
greenhouse a n d harves ted a t d i f f e r e n t stages o f
g r o w t h were ana lyzed f o r f l avan -4 -o l s . H o w -
ever, ca l lus t issues o b t a i n e d f r o m these c o n t r a s t -
i n g c u l t i v a r s d i d n o t e x h i b i t a n y m a r k e d
d i f fe rences w h e n ana lyzed f o r f l avan -4 -o l s .
F u r t h e r w o r k i s i n progress.
Breeding for resistance. We c o n t i n u e d to
screen progen ies i den t i f i ed as m o l d res is tant in
1983 ( I C R I S A T A n n u a l R e p o r t 1983, p.22) w i t h
e n c o u r a g i n g resul ts . We screened 3452 F 3 , 756
F 4 , a n d 477 F 5 c o l o r e d - a n d w h i t e - g r a i n p r o g e n -
ies, a n d i den t i f i ed 1090 mo ld - res i s tan t i n d i v i d u a l
c o l o r e d - , o r w h i t e - g r a i n pan ic les w i t h a T G M R
of less t h a n 3 . In the same nu rse ry , the w h i t e -
g r a i n , mo ld -suscep t i b l e var ie t ies S P V 104 a n d
S P V 351 were severely m o l d e d w i t h a T G M R o f
5 . T a b l e 4 shows the n u m b e r , a n d T G M R o f
w h i t e - g r a i n mo ld - res i s t an t select ions i n the F 3 ,
F 4 , a n d F 5 genera t ions f r o m f i ve crosses w h i c h
gave the best resu l ts . We are a d v a n c i n g the
h i g h l y mo ld - res i s t an t select ions t o F 4 , F 5 , a n d F 6
genera t ions d u r i n g the p o s t r a i n y season f o r
f u r t h e r screen ing in the 1985 r a i n y season in
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rep l i ca ted t r ia ls a t I C R I S A T Cen te r , a n d f o r
tes t ing a t Bhavan isagar , a g r a i n m o l d ho t - spo t
l o c a t i o n i n sou the rn I n d i a .
Mul t i locat iona l testing. T h e 1983 I n t e r n a -
t i o n a l S o r g h u m G r a i n M o l d N u r s e r y ( I S G M N )
cons is t ing of 27 test entr ies (a l l except IS 14332
w i t h co lo red g ra i n ) a n d three suscept ib le c o n -
t ro ls was sent i n t w o rep l i ca t ions to coope ra to r s
a t 17 l oca t i ons in A f r i c a , A s i a , and the A m e r i c a s .
D a t a received showed t h a t Bhavan isagar , C o i m -
ba to re , I C R I S A T Center , N a v s a r i , Pan tnaga r ,
and U d a i p u r ( I n d i a ) , S a m a r u ( N i g e r i a ) , a n d
L a g u n a ( P h i l i p p i n e s ) , were the o n l y l oca t i ons
where re la t ive h u m i d i t y a n d r a i n f a l l d u r i n g g r a i n
d e v e l o p m e n t a n d m a t u r i t y were adequate t o
p r o m o t e m o l d deve lopmen t . Resul ts f r o m these
e igh t l oca t i ons were the o n l y ones usefu l f o r
e v a l u a t i n g resistance.
Whi te -g ra in sorghum line IS 14332 ( left ) resistant to
grain m o l d at S a m a r u (N iger ia ) , and six I n d i a n loca-
tions in the In te rnat iona l S o r g h u m Gr a i n M o l d
Nursery , 1983. At r ight are moldy panicles f r o m sus-
ceptible genotypes that mature at the same t ime as IS
14332.
Tab le 4 . Results of m o l d resistance screening of F 3 , F 4 , and F 5 progenies derived f r o m crosses between m o l d -
resistant, colored-gra in sorghums and mold-susceptible, whi te -gra in sorghums, l C R I S A T Center , ra iny season
1984.
T G M R
3
 o f
w h i t e - g r a i n pan i c l e
se lect ions
T o t a l
se lect ionsCross Ped igree G e n e r a t i o n 1 2 3
I C S x 810132 IS 14384
1
 x S P V 3 5 1
2
F3
1 10 68 79
F4 0 11 42 53
F5 0 3 31 34
lCS x 810126 IS 14384 x S P V 104
2
F3 1 19 17 37
F4 0 36 51 87
F5 0 14 70 84
I C S x 810119 S P V 351 x IS 14385
1
F3 0 7 59 66
F4 0 27 84 i l l
I C S x 810113 S P V 104 x IS 14385 F3 0 2
10 12
F4 0 1 11 12
F5 0 1 3 4
I C S x 810062 IS 14388
1
 x S P V 351 F3 0 3 15 18
T o t a l 2 134 461 597
1 . M o l d - r e s i s t a n t c o l o r e d - g r a i n p a r e n t .
2 . W h i t e - g r a i n , m o l d - s u s c e p t i b l e p a r e n t s , r e p e a t e d l y g r o w n i n the n u r s e r y a t e v e r y 1 0 p r o g e n y r o w s , T G M R = 5 .
3 . G r a i n m o l d sco re ( T G M R ) on a 1 t o 5 sca le , w h e r e 1 = no m o l d , 5 = severe m o l d w i t h > 5 0 % g r a i n s u r f a c e a r e a m o l d e d .
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A t a l l e igh t l o c a t i o n s , a l l t he c o l o r e d - g r a i n
ent r ies i n c l u d i n g IS 14375 a n d IS 14384, t h a t
have n o testa, a n d neg l ig ib le a m o u n t s o f t a n n i n s
( I C R I S A T A n n u a l R e p o r t 1983, p .23) , were re -
s is tant t o g r a i n m o l d s . T h e w h i t e - g r a i n e n t r y
IS 14332, res is tant i n p rev ious nurser ies , was
aga in res is tant a t a l l l o ca t i ons except L a g u n a .
T h e resistance o f IS 14332 needs f u r t h e r i n v e s t i -
g a t i o n since the l ine i s s l i gh t l y p h o t o p e r i o d -
sensi t ive, a n d i ts resistance m a y be due to
a v o i d i n g wea the r c o n d i t i o n s c o n d u c i v e t o m o l d
d e v e l o p m e n t .
Downy Mildew (Peronosclerospora sorghi)
Resistance screening. R o u t i n e screen ing o f
b reed ing l ines a n d genet ic resources accessions
f o r d o w n y m i l d e w ( D M ) i s c o n d u c t e d a t D h a r -
w a d i n s o u t h e r n I n d i a , us ing the large-scale f i e l d
screening t echn ique ( I C R I S A T A n n u a l R e p o r t
1983, p . 28) . T h i s year we screened 4403
advanced g e n e r a t i o n b r e e d i n g l ines f r o m v a r i o u s
b reed ing p ro jec ts , a n d 145 genet ic resources
accessions, a n d selected 869 b r e e d i n g l ines a n d
117 accessions f o r f u r t h e r screen ing. A m o n g the
b reed ing l ines 17 came f r o m i n t e r n a t i o n a l a d a p -
t a t i o n t r i a l s t h a t cons is t o f a g r o n o m i c a l l y - e l i t e
var ie t ies a n d h y b r i d s w i t h h i g h y i e l d p o t e n t i a l .
Mul t i loca t iona l testing. T h e 1983 I n t e r n a -
t i o n a l S o r g h u m D o w n y M i l d e w N u r s e r y
( I S D M N ) cons i s t i ng o f 1 9 en t r ies , i n c l u d i n g t w o
suscept ib le c o n t r o l s , one o f w h i c h was a l o c a l
e n t r y , was sent t o c o o p e r a t a r s a t l oca t i ons i n
A r g e n t i n a , B o t s w a n a , B r a z i l , E t h i o p i a , G u a t e -
m a l a , H o n d u r a s , I n d i a , M e x i c o , N i g e r i a ,
U g a n d a , U S A , a n d Venezue la . Resu l ts received
f r o m A r g e n t i n a ( 2 l oca t i ons ) , I n d i a ( 3 l oca t i ons ) ,
N i g e r i a , a n d the U S A c o n f i r m p rev i ous resu l ts ,
t h a t l ines i den t i f i ed a s h i g h l y res is tant t o D M i n
I n d i a are a lso res is tant a t l oca t i ons i n A f r i c a a n d
the A m e r i c a s . T a b l e 5 shows D M inc idence i n
Tab le 5 . M e a n percentage of d o w n y mi ldew systemic in fect ion in selected entries across locat ions
1
 in the
In te rna t iona l S o r g h u m D o w n y M i l d e w Nursery ( I S D M N ) f r o m 1976 t o 1983 .
Y e a r
E n t r y 1976 1977 1978 1979 1980 1981 1982 1983 M e a n
I S 18757 ( Q L 3 ) 0 0 0 0 0 0 0 0 0
N a n d y a l - D M R S - K H A -
2
- - - - 0 0 0 0
IS 3443 - - - - - 0.6 0 0 0.2
I S 22227 - - - - 0 0.2 0.2 1.2 0.4
I S 8185 - - - - - 0.4 0 1.5 0.6
I S 22229 - - - - 0 0.7 0 1.9 0.7
IS 22228 - - - - 0 0.5 0.7 1.4 0.7
I S 8283 - - - - - 0.4 1.5 1.1 1.0
I S 22230 - - - - 0 3.1 0 1.4 1.1
I S 8607 - - - - - 0.6 0.6 2.3 1.2
IS 7528 - - - - - 2.3 0.5 1.6 1.5
IS 3547 - - - - - 3.3 0.4 0.6 1.4
I S 22231 - - - - 12.0 0.9 1.5 1.4 4.0
U C h V 1 2.3 3.6 3.1 7.2 8.1 12.4 6.8 4.9 6.1
Suscep t i b l e c o n t r o l
D M S 6 5 2 50 .0 78.0 56.1 87.6 73.2 55.9 69.6 69.7 67 .5
1 . L o c a t i o n s : D h a r w a d , C o i m b a t o r e , I C R I S A T C e n t e r a n d M y s o r e ( I n d i a ) , S a m a r u ( N i g e r i a ) , M a n f r e d i a n d P e r g a m i n o
( A r g e n t i n a ) , C o l l e g e S t a t i o n , T e x a s AS&M U n i v e r s i t y ( U S A ) .
2 . N o t i n c l u d e d i n n u r s e r y .
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selected entr ies f r o m 1976 to 1983. Of p a r t i c u l a r
in terest is the resistance of these l ines to p a t h o -
type 3 of the pa thogen recent ly d iscovered in the
U S A . Some s o r g h u m l ines p rev ious l y resistant
t o D M i n U S A are h i gh l y suscept ib le t o p a t h o -
type 3.
Charcoal Rot (Macrophomina phaseolina)
Resistance under induced drought stress. We
prev ious l y repo r ted ( I C R l S A T A n n u a l R e p o r t
1982, p.32) the resistance of c u l t i v a r E 36-1 to
cha rcoa l r o t unde r inc reas ing stress f r o m lack o f
wa te r i n the pos t ra i ny season a t f o u r l oca t ions in
I n d i a . We tested the s tab i l i t y o f th is resistance
unde r i nduced stress c o n d i t i o n s in an e x p e r i -
men t c o n d u c t e d on a V e r t i s o l in the 1983/84
pos t ra i ny season a t I C R l S A T Center . T h e i n c i -
dence of cha rcoa l r o t in E 36-1 was c o m p a r e d
w i t h tha t i n the suscept ib le h y b r i d C S H 6 , unde r
f ive levels o f stress, created by s t o p p i n g i r r i g a -
t i o n a t d i f f e ren t g r o w t h stages a f te r f l o r a l i n i t i a -
t i o n (GS 3 ) in a sp l i t - sp l i t - p l o t des ign w i t h s ix
rep l i ca t ions . P l a n t p o p u l a t i o n was s tandard f o r
s o r g h u m at 133 350 p lan ts h a
- 1
. We m o n i t o r e d
cha rcoa l r o t d e v e l o p m e n t b y r eco rd i ng l o d g i n g ,
r o o t i n f e c t i o n , s ta lk i n f ec t i on (sof t s ta l k ) , and
the ex ten t o f i n f e c t i o n up the sta lk f r o m the
c r o w n ( n u m b e r o f nodes crossed). W e deter -
m i n e d i n f ec t i on a t phys io l og i ca l m a t u r i t y i n
i n d i v i d u a l p lants by i so la t ions of M. phaseolina 
f r o m diseased stems and roo ts .
Resul ts in T a b l e 6 c lear ly show the resistance
of E 36-1 to c h a r c o a l r o t even unde r the mos t
severe stress t r ea tmen t ( M S T 5 ) w h e n the h y b r i d
C S H 6 was h i g h l y suscept ib le.
Anthracnose (Colletotrichum graminicola)
Screening for resistance. I n p r e l i m i n a r y
screening a t Pan tnaga r , n o r t h e r n I n d i a ( I C R I -
S A T A n n u a l R e p o r t 1983, pp.26-27) w e e v a l u -
a ted 235 g e r m p l a s m accessions a n d 1112
advanced gene ra t i on b reed ing l ines in single
rows a n d selected 7 g e r m p l a s m accessions a n d
208 b reed ing l ines f o r f u r t h e r screening. In
advanced screening d u r i n g the r a i n y season, 96
entr ies f o u n d resistant in 1982, a n d 11 entr ies
S o r g h u m cultivar E 36-1 ( r ight ) , showing resistance to
charcoal rot and lodging under severe drought stress
condit ions. T h e susceptible line (center) , has collapsed
as a result of M phaseolina infect ion, I C R I S A T C e n -
ter, 1 9 8 3 / 8 4 .
resistant in 1982 and 1983 were g r o w n in r e p l i -
cated t r ia ls . O n l y 19 entr ies were selected as
resistant to an th racnose f r o m these t r ia ls . Tab le
7 shows the selected ag ronom ica l l y - e l i t e b reed -
i ng l ines tha t showed h igh levels o f resistance to
an th racnose over a l l 3 years of tes t ing.
Inoculat ion studies. We conduc ted a s tudy to
de te rm ine the c r o p g r o w t h stage a t w h i c h p lan ts
shou ld be i nocu la ted f o r m a x i m u m disease
express ion . We p lan ted 5 t h r e e - r o w p lo ts o f t w o
anthracnose-suscept ib le genotypes ( I S 18442,
a n d IS 5279) in a r a n d o m i z e d b l o c k des ign w i t h
three rep l i ca t ions a t I C R I S A T Center . Each p l o t
was s u r r o u n d e d by ta l l g u a r d borders o f pear l
m i l l e t t o m i n i m i z e i n t e r p l o t in te r fe rence. P lan ts
in each p l o t were i nocu la ted w h e n mos t p lan ts
had 5, 7, 8, a n d 9 f u l l y - e x p a n d e d leaves i.e.,
a p p r o x i m a t e l y 14, 2 1 , 28 , a n d 3 5 D A E . T h e 5 t h
p l o t was n o t i n o c u l a t e d . We i nocu la ted the
p lan ts by d r o p p i n g 3-5 s o r g h u m gra ins in fec ted
w i t h C. graminicola i n t o the i r leaf w h o r l s . In
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Tab le 7 . Percentage leaf area damaged ( L A D ) and anthracnose score ( A S ) o f anthracnose-resistant sorghum
entries
1
, P a n t n a g a r , I n d i a , ra iny season 1982 to 1984.
M e a n
days t o
f l o w e r -
i n g
4
Y e a r
1982 1983 1984
E n t r y Ped ig ree L A D
2
 A S
3
L A D A S L A D A S
M 36266 [ ( W A B C x S C 108-3) -1-1 x I S 9 3 2 7 ] 79 1.5 2 5.0 2 2.0 2 
M 60288 [ I S 12611 x ( S C 108-4-8 x CS 3541)-38-1 ] -3-1 81 2.0 2 4.5 2 5.0 2 
P Y T 2 E . N o . l E 35-1 x U S / R-27-1-1-2-3 80 2.0 2 5.0 2 5.0 2 
P Y T 2 E . N o . 6 C S V 4 x G G x 370-2 -1 -2 -8 80 2.0 2 3.0 2 5.0 2 
T r i a l 7 4 C-27 ( F r a m i d a x 2219B) -1 -5 79 2.0 2 4 .0 2 4 .4 2 
Suscep t i b l e c o n t r o l
IS 18442 H 112 67 78.0 5 85.0 5 80 .0 5 
1 . R e s i s t a n t e n t r i e s a r e t h o s e w i t h a n t h r a c n o s e s c o r e s < 2 . 0 ( i . e . , u p t o 5 % l e a f a r e a o f t o p f o u r l e a v e s d a m a g e d ) .
2 . P e r c e n t a g e l e a f a r e a o f t o p f o u r l e a v e s d a m a g e d a t s o f t d o u g h s t a g e . M e a n o f 1 0 p l a n t s i n e a c h o f t w o
r e p l i c a t i o n s .
3 . R a t e d o n a 1 t o 5 s c a l e , w h e r e 1 = n o a n t h r a c n o s e a n d 5 = s e v e r e a n t h r a c n o s e w i t h m o r e t h a n 4 0 % l e a f a r e a o f t o p
f o u r l e a v e s d a m a g e d .
4 . F r o m 3 y e a r s ' d a t a , 1 9 8 2 t o 1 9 8 4 .
T a b l e 6 . D a y s to 5 0 % f lower ing , p lan t height ( m ) , leaf a n d p lan t d e a t h , lodg ing , soft s ta lk , m e a n n u m b e r o f nodes
crossed, m e a n score f o r roo t in fect ion a n d Macrophomina phaseolina incidence in C S H 6 a n d E 3 6 - 1 under f ive
drought stress condi t ions , I C R I S A T Center , postrainy season 1983 .
D r o u g h t D a y s t o
M e a n
score
stress 5 0 % P l a n t L e a f a n d S o f t M e a n n o . r o o t M. phaseolina 
S o r g h u m t r e a t - f l o w e r - h e i g h t p l a n t L o d g i n g s t a l k nodes in fec - i n c i d e n c e
l i n e m e n t
1 i n g ( m ) d e a t h
2
(%) (%) crossed t i o n
3
(%)
C S H 6 M S T 1 62 1.7 3.1 4 . 4 ( 0 . 1 9 )
4
0 0 2.7 0
M S T 2 62 1.7 3.4 5.8 (0 .23 ) 2.1 (0 .08 ) 0.03 3.1 2 . 9 ( 0 . 1 0 )
M S T 3 62 1.7 4.7 50.1 (0 .79) 59.6 (0 .89 ) 1.75 5.0 59.6 (0 .90 )
M S T 4 60 1.7 4.4 49 .4 (0 .78) 58.3 (0 .88 ) 1.56 5.0 58.3 (0 .88 )
M S T 5 60 1.6 4.8 59.9 (0 .90) 6 9 . 6 ( 1 . 0 6 ) 2.20 5.0 7 5 . 4 ( 1 . 1 5 )
E 36-1 M S T 1 68 1.9 2.7 2.0 (0 .11 ) 0 0
5
2.3 0
M S T 2 68 1.9 3.0 2 . 2 ( 0 . 1 3 ) 0 0 2.2 0
M S T 3 68 1.9 3.4 1 . 8 ( 0 . 1 2 ) 0 0 3.0 0
M S T 4 66 1.8 3.6 5.3 (0 .22) 0 0 3.0 0
M S T 5 66 1.8 3.9 7.4 (0 .23) 0 0 3.0 0
S E ±0.06 ±0.32 ±(0 .063) ± (0 .065) ±0.345 ±0.16 ± (0 .065 )
1 . M S T 1 = I r r i g a t i o n t o p h y s i o l o g i c a l m a t u r i t y
M S T 2 = i r r i g a t i o n t o s o f t d o u g h s tage
M S T 3 = I r r i g a t i o n t o 5 0 % f l o w e r i n g
M S T 4 = I r r i g a t i o n t o b o o t l ea f s tage
M S T 5 = I r r i g a t i o n t o f i n a l l ea f i n t h e w h o r l .
2 . L e a f a n d p l a n t d e a t h scores on a 1 to 5 sca le , w h e r e 1 = c o m p l e t e l y g r e e n , a n d 5 = d e a d .
3 . R o o t i n f e c t i o n s c o r e on a 1 t o 5 sca le , w h e r e 0 = no d i s c o l o r a t i o n o r i n f e c t i o n , a n d 5 = m o r e t h a n 5 0 % r o o t s s h o w i n g i n f e c t i o n
a n d d i s c o l o r a t i o n .
4 . F i g u r e s i n p a r e n t h e s e s a re a r c s ine t r a n s f o r m e d v a l u e s .
5 . Z e r o v a l u e s n o t used i n S E c a l c u l a t i o n .
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each p l o t , the percentage leaf area damaged was
recorded on each leaf o f 10 randomly -se lec ted
p lan ts i n the cen t ra l r o w , a t 7 - t o 10-day i n te r -
va ls , u n t i l the h a r d d o u g h stage w h e n p lan ts had
16 leaves.
O u r results showed t ha t a l l i nocu la ted p lan ts
were in fec ted by an th racnose i r respect ive o f the
p l a n t g r o w t h stage a t i n o c u l a t i o n . T h e rate o f
disease progress was , howeve r , faster on o lde r
leaves t h a n o n y o u n g e r ones. O n the t o p f o u r
leaves a t the h a r d d o u g h stage, m a x i m u m d is -
ease sever i ty (38 to 5 7 % leaf area d a m a g e d ) was
recorded on p lan ts i nocu la ted w h e n n ine leaves
were f u l l y e x p a n d e d , mode ra te disease (22 to
37%) on p lan ts w i t h e igh t leaves e x p a n d e d , a n d
least disease (9 to 23%) w h e n p lan ts w i t h seven
leaves expanded were i n o c u l a t e d .
Spread o f the pathogen. A t I C R I S A T Cen te r ,
we i n i t i a t e d f ie ld expe r imen ts on the spread o f
an th racnose i n o c u l u m , i n a n a t t e m p t t o deve lop
a re levant f ie ld -sc reen ing techn ique . We i n o c u -
la ted w i t h C. graminicola the suscept ib le
s o r g h u m l ine IS 18422 s o w n in a 18 m
2
 p l o t in the
m i d d l e o f a 1815 m
2
 f i e l d . A l l the p lan ts became
heav i l y i n fec ted , a n d the pa thogen spo ru la ted
p ro fuse ly . T h i s pa t ch o f in fec ted p lan ts served as
a focus , o r source, o f an th racnose i n o c u l u m
whose spread was m o n i t o r e d on an th racnose -
suscept ib le p lan ts o f IS 382 s o w n in the rest o f
the f i e ld t w o weeks la ter t h a n IS 18422.
S p r i n k l e r i r r i g a t i o n was p r o v i d e d t o the w h o l e
f ie ld on ra in - f ree days t o p r o v i d e the m o i s t e n v i -
r o n m e n t essent ial f o r an th racnose d e v e l o p m e n t .
O u r results showed t w o pa t te rns o f pa thogen
spread. T h e f i r s t , m o s t l y i n the d o w n w i n d d i rec -
t i o n to the end o f the f i e l d , a d is tance o f 27 m.
H e r e , the i n o c u l u m was p r o b a b l y spread by
w i n d - d r i v e n r a i n d u r i n g showers , o r b y wa te r
d rop le t s d u r i n g s p r i n k l e r i r r i g a t i o n , since the
i n o c u l u m of C. graminicola occurs in a s l ime.
T h e sever i ty o f an th racnose on the test p lan ts
was inverse ly p r o p o r t i o n a l t o the i r d is tance f r o m
the i n o c u l u m source. T h e second p a t t e r n was
a l o n g the r idges d o w n the slope f r o m the i n o c u -
l u m source. T h i s was due t o i n o c u l u m i n in fec ted
leaf debr is be ing t r a n s p o r t e d by r u n n i n g wa te r
a l o n g the f u r r o w s w h e n i t r a i n e d . W e are
S o r g h u m panicles showing stem lesions on the pedun-
cle ( lef t ) and internal symptoms ( r ight ) due to infec-
t ion by the anthracnose pathogen, Colletotrichum 
graminicola.
c o n t i n u i n g w o r k o n these t w o types o f i n o c u l u m
spread.
Multilocational Testing for Stability
of Resistance to Leaf Diseases
T h e 1983 I n t e r n a t i o n a l S o r g h u m Lea f Disease
N u r s e r y ( I S L D N ) cons i s t i ng o f 23 test en t r ies ,
a n d 7 suscept ib le con t ro l s was eva lua ted aga ins t
several leaf diseases by coope ra to r s at : O r a n -
Sa l ta a n d P e r g a m i n o ( A r g e n t i n a ) ; D h a r w a d ,
l n d o r e , P a n t n a g a r , a n d U d a i p u r ( I n d i a ) ;
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S a m a r u ( N i g e r i a ) ; L a g u n a ( P h i l i p p i n e s ) ; a n d a t
K a d u g l i a n d W a d M e d a n i ( S u d a n ) . A l l the
ent r ies excep t IS 18758 a t U d a i p u r were suscep-
t ib le to zona te leaf spo t (Gloeocercospora 
sorghi), a n d to lea f b l i g h t (Exserohilum turci-
cum) at S a m a r u . T a b l e 8 shows disease scores of
selected ent r ies resistant to e igh t or n ine diseases
across l oca t i ons . I t i s n o t e w o r t h y t h a t the three
res is tant ent r ies IS 18758 (E 35-1) , S P V 3 5 1 , a n d
S P V 386 are h i g h - y i e l d i n g I C R I S A T - b r e d o r
selected var ie t ies t h a t have been released by
n a t i o n a l p r o g r a m s f o r use b y f a rme rs i n B u r k i n a
Faso , I n d i a , a n d Z a m b i a .
Insect Pests
Sorghum Shoot F ly (Atherigona soccata) 
B i o l o g y . W e m o n i t o r e d shoo t f l y p o p u l a t i o n s
f r o m 1977 to 1979 us ing f i sh -mea l ba i ted t raps ,
a n d co r re la ted o u r resul ts w i t h egg- lay ing i n c i -
dence a n d deadhear t f o r m a t i o n on suscept ib le
s o r g h u m h y b r i d C S H 1 , p lan ted a t m o n t h l y
in te rva ls a t t w o l oca t i ons a t I C R I S A T Center .
W e f o u n d t h a t egg l a y i n g a n d deadhear t f o r m a -
t i o n were co r re la ted ( r = 0 . 7 3 * * ) . T h e t o t a l
n u m b e r s o f a l l f l ies caugh t were co r re la ted w i t h
Atherigona soccata catches (r = 0 . 8 4 * * ) . Egg
l a y i n g was co r re la ted to t o t a l t r a p catches ( r = 
0 . 6 3 * * ) a n d A. soccata catches (r = 0 . 6 7 * * ) .
Deadhea r t s were a lso co r re la ted to the t o t a l ( r = 
0 . 5 6 * * ) a n d A. soccata (r = 0 . 5 8 * * ) t r a p catches.
S h o o t f l y inc idence was m o s t l y a f u n c t i o n o f the
t o t a l f l y p o p u l a t i o n present a t a t i m e , howeve r ,
e n v i r o n m e n t a l f ac to rs such as t e m p e r a t u r e ,
h u m i d i t y , a n d r a i n f a l l i n f l uence its p o p u l a t i o n
a n d inc idence. M a x i m u m t e m p e r a t u r e was neg-
a t i ve l y co r re la ted w i t h f l y catches, egg l a y i n g ,
a n d deadhear t f o r m a t i o n , whereas m o r n i n g a n d
even ing h u m i d i t y showed s ign i f i can t pos i t i ve
co r re l a t i ons to f l y catches, egg l a y i n g , a n d d e a d -
hear t f o r m a t i o n .
Screening for resistance. We screened 3000
new g e r m p l a s m accessions and 550 b reed ing
l ines f o r shoo t f l y resistance in the f ie ld us ing the
i n t e r l a r d f i shmea l t echn ique , and selected 71
g e r m p l a s m accessions and 42 b reed ing l ines f o r
f u r t h e r tes t ing . To d i f f e ren t ia te va r i ous resis-
tance mechan isms , 42 l ines i den t i f i ed as less sus-
cept ib le in 1983, were tested aga in in a rep l i ca ted
f i e ld t r i a l . T w e n t y l ines showed a r o u n d 5 0 % less
deadhear t f o r m a t i o n t h a n the suscept ib le c o n -
t r o l , C S H 1 ( T a b l e 9) . On ten o f these l ines there
was 3 0 % less o v i p o s i t i o n t h a n on C S H 1 , wh i l e
a l l except IS 18551 expressed a b i o p h y s i c a l / a n t i -
Tab le 8. M a x i m u m
1
 leaf disease scores
2
 across locations of selected lines in the 1983 In te rna t iona l S o r g h u m Lea f
Disease Nursery ( I S L D N ) .
L e a f disease
3
 a n d score
E n t r y
4
A R L B G L S Z L S SS R L S O L S R S B B L S M D M V
I S 18758 ( E 35-1) 2 3 5 1 3 1 2 1 4 2 3
IS 18484 ( C S 3541) 2 3 5 2 4 1 2 1 3 3 3
S P V 351 3 2 5 5 4 3 1 1 3 2 3
S P V 386 4 3 5 3 4 1 1 1 3 1 3
S P V 387 2 2 4 2 4 1 2 1 3 2 3
M 36278 3 3 5 1 4 1 1 1 3 2 3
M 36346 3 3 5 2 4 1 1 1 3 2 3
1 . M a x i m u m sco re a t l o c a t i o n s w h e r e l ea f d iseases o c c u r r e d w i t h s u f f i c i e n t p r e s s u r e .
2 . Based on a 1 to 5 sca le , w h e r e 1 = no d isease a n d 5 = severe d isease w i t h m o r e t h a n 4 0 % l ea f a r e a o f t o p f o u r leaves d a m a g e d .
3 . L e a f d iseases ; a n t h r a c n o s e ( A ) , r u s t ( R ) , l ea f b l i g h t ( L B ) , g r a y l e a f s p o t ( G L S ) , z o n a t e l e a f s p o t ( Z L S ) , s o o t y s t r i p e ( S S ) , r o u g h
l e a f s p o t ( R L S ) , o v a l l e a f s p o t ( O L S ) , r h i z o c t o n i a l e a f a n d s h e a t h b l i g h t ( R S B ) , b a c t e r i a l l e a f s t r i p e ( B L S ) , a n d m a i z e d w a r f
m o s a i c v i r u s ( M D M V ) .
4 . Ped ig rees o f t h e las t f i v e e n t r i e s i n d e s c e n d i n g o r d e r a r e ( S C 108-3 x C S 3 5 4 1 ) - 1 9 - 1 , ( S C 108-4-8 x C 3 5 4 1 ) - 8 8 , [ ( S C 4 2 3 x C S
3 5 4 1 ) x E 3 5 - 1 ] - 2 - 1 , ( S C 108-3 x E 3 5 - 1 ) - 2 5 - 1 , a n d ( C S 3541 x 2 K X - 6 - 2 ) - 1 0 - 1 .
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T a b l e 9 . R e a c t i o n to shoot f l y o f some less-susceptible sorghum lines, I C R I S A T Center , ra iny season 1984 .
S h o o t f l y i n f e s t a t i o n
D o m i n a n t
res is tanceD e a d h e a r t s E g g l a y i n g D e a d h e a r t s /
E n t r y (%) (%) egg l a y i n g (%) m e c h a n i s m
1
I S 1034 30.9 77.1 37.6 B
I S 1104 26.3 58.8 39.6 A a n d B 
I S 2146 36.7 58.1 47 .1 A a n d B 
I S 2195 28.3 71.5 41 .6 B
IS 2205 25.9 59.2 42 .2 A a n d B 
IS 2309 28.1 58.3 45 .1 A a n d B 
I S 2312 30.1 66.2 45 .6 A a n d B 
I S 4646 33.6 64.8 51 .6 A a n d B 
I S 4664 20.0 63.6 31.8 A a n d B 
IS 5072 31.4 94.3 33.3 B
IS 5470 36.4 72.2 51.3 B
I S 5480 22.4 57.5 40.5 A a n d B 
IS 5538 30.6 83.0 40 .2 B
IS 5566 32.2 76.9 41 .2 B
I S 5613 31.7 59.3 45 .2 A a n d B 
IS 5622 34.2 71.5 48 .5 B
IS 5636 31.9 84.7 37.0 B
IS 18369 33.7 70.2 44 .2 B
I S 18371 29.1 76.1 39.8 B
IS 18551 33.7 44 .1 57.6 A
Suscep t i b le c o n t r o l
C S H 1 74.5 94 .6 77.0
S E ±8.88 ±9 .20 ±10.63
C V (%) 35 21 34
1 . D o m i n a n t res i s tance m e c h a n i s m ( 3 0 % s u p e r i o r o v e r C S H 1 ) : A = O v i p o s i t i o n a l n o n p r e f e r e n c e , B = B i o p h y s i c a l / a n t i b i o s i s .
bios is m e c h a n i s m o f resistance ( m o r e t h a n 3 0 %
s u p e r i o r i t y over C S H 1). A l l 42 less-suscept ible
l ines were a lso tested u n d e r no cho ice c o n d i t i o n s
i n cages d u r i n g b o t h r a i n y ( J u l - A u g ) a n d pos t -
r a i ny ( O c t - N o v ) seasons. Res is tant l ines i n b o t h
seasons were IS 1034, IS 1057, IS 2146 , IS 2205,
a n d IS 5470.
Mul t i loca t iona l testing. We sent 13 g e r m p l a s m
accessions, 10 b reed ing l ines, a n d 2 c o n t r o l c u l -
t i va rs ( l o c a l a n d C S H 1), t o 2 0 l oca t i ons (11 i n
I n d i a , a n d one each i n B u r k i n a F a s o , C a m e r o o n ,
I t a l y , M o z a m b i q u e , N i g e r i a , Senega l , S o m a l i a ,
T h a i l a n d , a n d U g a n d a ) t o b e eva lua ted f o r resis-
tance i n the I n t e r n a t i o n a l S o r g h u m S h o o t F l y
N u r s e r y ( I S S F N ) . W e received da ta f r o m 1 1
loca t i ons ( 7 f r o m I n d i a a n d one each i n B u r k i n a
Faso , G h a n a , N i g e r i a , a n d T h a i l a n d ) . T w e n t y
l ines h a d less t h a n 2 5 % s h o o t f l y inc idence c o m -
pared w i t h 4 9 % o n C S H 1 a n d 4 2 % o n the l oca l
c o n t r o l c u l t i v a r . T h e m o s t p r o m i s i n g l ines were
IS 2146, IS 5470 , PS 14454, a n d PS 19794.
Breeding for resistance. We r a n d o m - m a t e d
o u r s h o o t f l y - a n d s tem bore r - res is tan t p o p u l a -
t i o n d u r i n g the r a i n y season u n d e r insect pest
p r o t e c t i o n , a n d d u r i n g the p o s t r a i n y season
u n d e r m o d e r a t e n a t u r a l s h o o t f l y a n d s tem b o r e r
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i n fes ta t ions . D u r i n g the second r a n d o m m a t i n g ,
shoo t f l y - res is tan t genes f r o m i m p r o v e d b reed -
ing l ines were i n c o r p o r a t e d i n t o the p o p u l a t i o n
to f u r t h e r i m p r o v e its a g r o n o m i c features a n d
resistance to shoot f l y .
W e c o m p l e t e d c o n v e r s i o n t o ma le s te r i l i t y o f
three non res to re r , shoo t f l y - res is tan t b reed ing
l ines, PS 14832, P S 2 1 4 5 9 , a n d P S 2 4 4 5 3 . T h e
new male-s ter i le l ines were test-crossed to 30
i m p r o v e d shoo t f l y - res is tan t res torer l ines d u r -
i ng the p o s t r a i n y season. T h e resu l t i ng e x p e r i -
m e n t a l h y b r i d s w i l l be eva lua ted f o r g r a i n y ie ld
a n d a d a p t a t i o n , a n d screened f o r shoo t f l y resis-
tance d u r i n g the 1985 r a i n y season.
We made crosses be tween ten i m p r o v e d shoo t
f ly - res is tant b reed ing l ines a n d a n u m b e r of el i te
l ines d u r i n g the r a i ny season and advanced t h e m
to F 1 gene ra t i on d u r i n g the p o s t r a i n y season.
T h e i r F 2 segregat ing progen ies w i l l be screened
f o r shoo t f l y resistance a n d a g r o n o m i c des i rab i l -
i t y i n 1985.
We eva lua ted a p p r o x i m a t e l y 1820 F 4 t o F 6
progen ies f o r a g r o n o m i c el i teness a n d resistance
t o shoo t f l y d u r i n g the r a i ny season a t I C R I S A T
Cente r , a n d made i n d i v i d u a l select ions f r o m 705
progen ies i den t i f i ed as less-suscept ib le. We a lso
eva lua ted 120 less-suscept ible p rogen ies t ha t had
been screened f o r shoo t f l y resistance in p rev ious
S o r g h u m shoot fly screening tr ia l showing cages used to provide u n i f o r m egg infestat ion under no-choice
condit ions. Plants in foreground show deadheart symptoms as a result of earlier infestat ion, I C R I S A T Center ,
1984.
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years, and selected 60 less-susceptible l ines w i t h
g o o d a g r o n o m i c t ra i t s . T h e best advanced p r o -
genies are PS 19349, PS 19663-3, PS 2 1 1 1 3 - 1 ,
P S 2 1 2 2 7 - 2 , P S 2 1 2 3 9 - 2 , P S 2 4 9 5 5 - 3 , P S 27618-
5 , PS 27655 -11 , and PS 28060 -1 .
Stem Borer (Chilo partellus)
Populat ion dynamics. We m o n i t o r e d the s tem
b o r e r p o p u l a t i o n a t H i s a r t h r o u g h l i gh t t r a p
catches, a n d by assessing l a r va l damage in
s o r g h u m p lan ted a t m o n t h l y in te rva ls f r o m
A p r i l t o A u g u s t . O u r results show tha t C . p a r t e l -
lus is m o s t ac t ive d u r i n g A u g u s t and Sep tember ,
and the re fo re , a c r o p s o w n between the 1st and
3 rd weeks o f J u l y shou ld be exposed to m a x i -
m u m insect pressure f o r resistance screening.
D u r i n g 1984, s tem b o r e r i n fes ta t i on was very
heavy on s o r g h u m s o w n d u r i n g the 2nd week o f
J u l y .
Selection criteria for resistance screening. We
have f o u n d t h a t the deadhear t s y m p t o m s caused
by s tem bo re r i n fes ta t i on is the mos t i m p o r t a n t
t r a i t c o n t r i b u t i n g t o g r a i n y ie ld loss. We
ob ta i ned a negat ive c o r r e l a t i o n (r = - 0 . 9 0 * * )
be tween deadhear ts and g r a i n y ie ld i n s o r g h u m
h y b r i d C S H 1 . S tem t u n n e l i n g by the bo re r i s
also i m p o r t a n t f o r eva lua t i ng resistance, b u t
assessing the ex ten t o f t u n n e l i n g invo lves the
l a b o r i o u s p rocess o f s p l i t t i n g i n d i v i d u a l
s o r g h u m stems. We e x a m i n e d o the r t ra i ts such
as the percentage o f i n te rnodes b o r e d , and the
n u m b e r o f holes per p l an t . We f o u n d b o t h these
t ra i t s to be co r re la ted w i t h stem t u n n e l i n g ( T a b l e
10), a n d can there fo re be used instead o f t u n n e l -
i n g to eva luate resistance.
Yield loss assessment. We c o n d u c t e d a t r i a l at
H i s a r to es t imate g r a i n y ie ld loss caused by s tem
borers us ing suscept ib le cu l t i va rs C S H 1 , a n d
I C S V 1 ( S P V 3 5 1 ) , and a resistant l ine IS 2205.
T h e c r o p was p ro tec ted b y a p p l y i n g 3 % c a r b o f u -
ran granu les i n the p l an t w h o r l a t va r i ous g r o w t h
stages (T 1 to T 7 ) . Deadhear ts a n d g r a i n y ie ld
were recorded f r o m f u l l p r o t e c t i o n ( T 1 ) t o n o
p r o t e c t i o n ( T 7 ) i n a l l the cu l t i va rs . Deadhear t s
progress ive ly increased f r o m T 1 t o T 7 wh i l e g r a i n
Table 10 . Cor re la t ion coefficients ( r ) between stem
borer tunne l ing , percentage internodes bored , and
holes p lan t
- 1
, resulting f r o m Chilo partellus infesta-
t ion on sorghum at t w o locations in t w o seasons.
C o r r e l a t i o n coe f . ( r )
be tween s tem
t u n n e l i n g a n d
Season/ l o c a t i o n
N o . o f
l ines
i n t e r n o d e s
b o r e d (%)
ho les
p l a n t
- 1
P o s t r a i n y 1982-83
( I C R I S A T Cen te r )
R a i n y 1983 ( H i s a r )
E x p t . 1
E x p t . 2
R a i n y 1983
( I C R I S A T Center )
E x p t . 1
E x p t . 2
62
62
62
63
63
0 . 7 4 * *
0 . 6 9 * *
0 . 8 5 * *
0 . 4 7 * *
0 . 7 5 * *
0 . 8 0 * *
0 . 6 4 * *
0 . 8 3 * *
y ie ld decreased f o r a l l the three cu l t i va rs ( T a b l e
11). H o w e v e r , the rates o f deadhear t increase,
a n d g r a i n y ie ld decrease in the resistant l ine were
m u c h s lower t h a n i n the suscept ib le cu l t i va rs .
Stem borer-resistant sorghum line IS 2205 showing
fewer deadheart symptoms than the surrounding sus-
ceptible lines after art i f ic ial infestat ion.
-
-
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W i t h n o p r o t e c t i o n ( T 7 ) a l l three cu l t i va rs h a d
neg l ig ib le g r a i n y ie lds due to severe i n f es ta t i on .
Screening for resistance. We screened 1700
new g e r m p l a s m accessions a n d 468 p r e v i o u s l y -
selected l ines f o r s tem b o r e r resistance a t H i s a r
i n an un rep l i ca ted nu rse ry , a n d selected 26 l ines
f o r f u r t h e r tes t ing . S t a b i l i t y analys is o f 6 1
prev ious ly -se lec ted , less-suscept ible l ines a n d
one suscept ib le h y b r i d ( C S H 1 ) ove r s ix e n v i r o n -
ments showed f o u r l ines , IS 5470 , IS 5604,
IS 8320 , a n d IS 18573 h a d the m o s t stable resis-
tance t o s tem bo re r .
Breeding for resistance. We made crosses
be tween s tem bore r - res is tan t l ines a n d a n u m b e r
o f e l i te l ines d u r i n g the 1983 p o s t r a i n y season,
a n d advanced t h e m to F 1 i n the greenhouse d u r -
i n g the s u m m e r season. T h e i r 19 F 2 segregat ing
progen ies were screened f o r s tem b o r e r resis-
tance u n d e r a r t i f i c i a l i n f es ta t i on d u r i n g the r a i n y
season a t I C R I S A T Cen te r , a n d we selected 173
stem bore r - f ree progen ies .
We a lso eva lua ted a p p r o x i m a t e l y 580 F 5 a n d
F 6 shoo t f l y - res is tan t p rogen ies f o r resistance to
s tem b o r e r u n d e r n a t u r a l i n fes ta t ions a t H i s a r ,
a n d u n d e r a r t i f i c i a l c o n d i t i o n s a t I C R I S A T
Cente r d u r i n g the r a i n y season, a n d selected 7 
less-suscept ible l ines ; o f these PS 19881-1 had
the lowes t s tem b o r e r i n f e s t a t i o n .
We s tud ied gene effects on resistance to s tem
b o r e r i n s o r g h u m . O u r resul ts i nd i ca ted t h a t
resistance is a c o m p l e x , p o l y g e n i c a l l y - i n h e r i t e d
t r a i t . D i f f e r e n t gene effects opera te u n d e r d i f f e r -
Tab le 1 1 . Effect o f var ious protect ion levels on stem borer infestat ion a n d gra in yie ld o f three sorghum cult ivars,
H isa r , ra iny season 1984 .
I C S V 1 C S H 1 I S 2205 M e a n
S t e m b o r e r B o r e r G r a i n B o r e r G r a i n B o r e r G r a i n B o r e r G r a i n
p r o t e c t i o n i n c i d e n c e y i e l d i n c i d e n c e y i e l d i nc i dence y i e l d i nc i dence y i e l d
levels
1
(%) ( k g h a
- 1
) (%) ( k g h a
- 1
) (%) ( k g h a
- 1
) (%) ( k g h a
- 1
)
T1
28 .0 4 2 4 0 25 .2 5170 33.9 1870 29.1 3760
T2 49 .0 2630 23.8 4380 37.6 1280 36.8 2770
T 3 50 .2 2620 39.2 4 7 9 0 30.6 1910 40 .0 3100
T 4 75.9 760 61 .1 3110 43 .2 1040 60.1 1640
T 5 79 .4 740 43 .7 3700 43 .0 1180 55.4 1870
T 6 100.0 330 95 .1 2600 47 .6 9 0 0 80.9 1280
T 7 100.0 0 100.0 190 85.5 130 95 .2 100
M e a n 68.9 1620 55.5 3420 45 .9 1180
B o r e r inc idence G r a i n y i e l d
S E f o r c o m p a r i s o n t r e a t m e n t w i t h i n same c u l t i v a r ±9 .18 ±455
S E f o r c o m p a r i s o n t r e a t m e n t w i t h i n d i f f e r e n t c u l t i v a r s ±8.47 ±459
S E ( c u l t i v a r ) ±3 .20 ±173
S E ( t r e a t m e n t ) ±6 .04 ±257
C V ( % ) 18 27
1 . T , = C a r b o f u r a n a p p l i e d a t 15 , 3 0 , a n d 4 5 d a y s a f t e r e m e r g e n c e ( D A E )
T 2 = C a r b o f u r a n a p p l i e d a t 1 5 a n d 3 0 D A E
T 3 = C a r b o f u r a n a p p l i e d a t 3 0 a n d 4 5 D A E
T 4 = C a r b o f u r a n a p p l i e d a t 1 5 D A E
T 5 = C a r b o f u r a n a p p l i e d a t 3 0 D A E
T 6 = C a r b o f u r a n a p p l i e d a t 4 5 D A E
T 7 = C o n t r o l ( u n t r e a t e d )
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ent c o n d i t i o n s . Ep is ta t i c gene effects were f o u n d
t o opera te u n d e r a r t i f i c i a l i n o c u l a t i o n c o n d i -
t i o n s , a n d m a j o r gene effects u n d e r c o n d i t i o n s o f
n a t u r a l i n f e s t a t i o n , w h e n w e a lso n o t i c e d c y t o -
p lasmic in f luences.
Sorghum Midge (Contarinia sorghicola)
P o p u l a t i o n m o n i t o r i n g . S tud ies o n p o p u l a -
t i o n m o n i t o r i n g a n d d iapause c o n t i n u e d a t
D h a r w a d a n d Bhavan isagar o n s o r g h u m l ines
s o w n a t f o r t n i g h t l y in te rva ls . W e observed m a x i -
m u m m idge p o p u l a t i o n d u r i n g N o v e m b e r a t
D h a r w a d , a n d d u r i n g M a y - J u n e a t B h a v a n i -
sagar. We a lso m o n i t o r e d the m i d g e p o p u l a t i o n
a t I C R I S A T Cen te r us ing y e l l o w - c o l o r e d t raps
w i t h c h e m i c a l a t t r ac tan t s , a n d observed a m u c h
h i g h e r m i d g e p o p u l a t i o n d u r i n g the r a i n y season
t h a n i n p rev ious years.
Screening for resistance. We screened 2000
g e r m p l a s m l ines f o r m i d g e resistance, a n d
selected 118 l ines f o r f u r t h e r tes t ing . T w e n t y - s i x
selected g e r m p l a s m a n d b reed ing l ines showed
cons is ten t l y h i g h levels o f resistance u n d e r n a t u -
r a l i n f es ta t i on a n d headcage tes t ing a t D h a r w a d
a n d I C R I S A T Cen te r , a n d u n d e r n a t u r a l c o n d i -
t i ons a t H i sa r .
We screened 21 advanced cu l t i va rs f o r m idge
resistance u n d e r no -cho ice (headcage) , a n d n a t -
u r a l c o n d i t i o n s f o r f o u r seasons a t I C R I S A T
Cente r ( T a b l e 12). E leven cu l t i va rs suf fered less
Table 12 . S o r g h u m cult ivars showing midge infestat ion under no-choice condit ions over four seasons, l C R I S A T
Center .
F l o r e t s w i t h m i d g e la rvae (%) C h a f f y f l o r e t s (%)
C u l t i v a r 1980 R
1 1 9 8 0 / 8 1 P
2 1981R 1 9 8 I / 8 2 P 1980R 1 9 8 0 / 8 1 P 1981 R 1 9 8 1 / 8 2 P
D J 6514 21.0 11.5 18.5 2.3 60.0 20.0 36.5 19.0
T A M 2566 16.0 16.0 25.0 18.7 21.0 53.3 38.0 27.0
IS 12666C 33.0 20.0 30.5 24.3 52.5 36.5 73.0 35.0
I S 12573C 16.0 46 .5 17.0 36.3 55.5 80.0 55.5 63.0
I S 2 5 7 9 C 27.5 45 .5 34.0 53.7 70.0 72.5 74.0 64.7
IS 12664C 30.5 30.5 46.5 55.0 33.0 41.5 86 .0 63.0
I S 1151 22.5 35.0 45 .0 66.3 51.5 60.5 91 .0 79.3
I S 12612C 26.0 48 .0 57.0 39.3 48.5 44.5 65 .0 60.3
E C 92792 40 .0 29.5 60.0 42.7 33.5 57.5 66.5 59.7
I S 12611 31.5 36.0 56.0 61 .0 48 .0 54.0 74.0 71.7
S G I R L - M R 1 34 .0 44 .5 64.0 45.3 57.0 57.0 80 .0 64.3
IS 2327 46 .0 51.0 54.0 46 .0 32.0 69.0 76.5 59.0
I S 1510 36.0 45 .0 55.0 70.3 80.0 55.0 83.5 84.7
E C 92793 43 .0 38.0 70.5 56.7 52.0 55.0 79.0 66 .0
E N T M 3 48.5 57.0 45 .0 58.3 71 .0 50.0 77.5 72.7
I S 12608C 36.0 45 .5 71.0 58.3 35.5 80.0 94 .0 70.3
IS 2328 67 .0 62 .0 24.0 58.3 63 .0 70.5 93 .0 67.7
E C 92794 47 .0 45 .5 69.5 51.7 54 .0 54.5 83.0 75.0
I S 2 8 1 6 C 42.5 71.5 42.5 66 .0 25 .0 83.0 25.0 79.0
I S 6195 70.0 37.5 70.0 54.3 59 .0 56.0 58.5 86.7
C S H 1 58.0 54 .0 57.0 71.0 71.0 69.0 81.5 80.3
S E ±8.72 ±9.13 ±6.65 ±9 .22 ±12.97 ±10 .40 ±9.08 ±8.29
C V (%) 32 31 19 26 36 25 18 18
1. R = r a i n y s e a s o n .
2. P = p o s t r a i n y season .
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t h a n 1 2 % m idge damage unde r n a t u r a l c o n d i -
t i ons . Th ree cu l t i va r s , D J 6514, T A M 2566, and
IS 12666C showed repeatable and stable levels o f
resistance over a l l f o u r seasons unde r no -cho ice
c o n d i t i o n s . T A M 2566 a n d I S 12666C a lso
showed a n t i - x e n o t i c resistance (nonpre fe rence)
under f ie ld c o n d i t i o n s .
Breeding for resistance. We i n c o r p o r a t e d 12
i m p r o v e d midge- res is tan t b reed ing l ines i n t o o u r
pan ic le - feed ing (m idge and head bugs) pest-
resistant p o p u l a t i o n d u r i n g 1983/84 pos t ra iny
season a t l C R I S A T Center . ln the f o l l o w i n g
ra iny season, the p o p u l a t i o n was r a n d o m - m a t e d
u n d e r m o d e r a t e n a t u r a l m idge in fes ta t i on a t
D h a r w a d .
We iden t i f i ed i m p r o v e d , midge- res is tant l ines
P M 7068, P M 7407, and P M 11808 a s non res to r -
ers and i n i t i a t ed a backc ross ing p r o g r a m to c o n -
ver t t h e m i n t o male-s ter i le l ines. M idge- res is tan t
nonres to re rs , P M 7060, P M 7 0 6 1 , and P M 6751
iden t i f i ed ear l ie r are in the B C 2 stage o f
conve rs i on .
We made crosses be tween 12 i m p r o v e d m i d g e -
resistant b reed ing l ines and 29 el i te l ines d u r i n g
the 1983 p o s t r a i n y season and advanced t h e m to
F 1 gene ra t i on d u r i n g the f o l l o w i n g s u m m e r sea-
son in the greenhouse. T h e resu l t ing 145 F2
segregat ing progenies were screened f o r m idge
Panicles of improved sorghum variety I C S V 197 ( left )
that has good agronomic traits and resistance to
midge, Contarinia sorghicola, across locations com-
pared w i th susceptible hybr id C S H 1 ( r ight ) .
resistance and a g r o n o m i c des i rab i l i t y a t D h a r -
wad d u r i n g the r a i ny season, and we made 625
midge- f ree i n d i v i d u a l p l an t select ions. O f those,
113 select ions were f r o m crosses i n v o l v i n g
I C S V 197 ( P M 11344), a n i m p r o v e d m i d g e -
resistant l ine . We also eva luated a p p r o x i m a t e l y
225 F 4 to F 6 p rogenies f o r resistance to m idge
d u r i n g the ra iny season a t D h a r w a d , and i d e n t i -
f ied 208 a g r o n o m i c a l l y - p r o m i s i n g , midge- f ree
i n d i v i d u a l p lan ts f r o m less-susceptible progenies
( T a b l e 13).
We eva lua ted 130 advanced progenies f o r
m idge resistance a t P a n t n a g a r d u r i n g the 1984
r a i n y season. Seven ty - fou r o f t h e m were free
f r o m midge damage.
T h e best advanced midge- res is tan t l ines
across loca t ions were P M 6 9 7 8 , P M 7018,
P M 7 1 3 8 , P M 7 1 4 7 - 1 , P M 7 1 7 7 , P M 7 3 2 1 ,
P M 7568, P M 7574, I C S V 197, P M 7318-2,
P M 7526, P M 10825-1 , and P M 7322. T a b l e 1 3
shows the pe r f o rmance da ta of the three best
l ines a t I C R I S A T Cente r and D h a r w a d . W e also
eva luated I C S V 197, a midge- res is tant i m p r o v e d
breed ing l ine f o r resistance to m idge a t f o u r
loca t ions : I C R l S A T Center , D h a r w a d , Pan t -
nagar , and T o l i c h o w k i . T h e results ob ta ined
showed tha t the m idge resistance was m a i n -
ta ined a t a l l l oca t ions .
Head Bug (Calocoris angustatus)
Biology. O u r m o n i t o r i n g o f head b u g p o p u l a -
t i ons a t I C R I S A T Center ind ica ted peak ac t i v i t y
d u r i n g September . Head bugs were observed to
be act ive in f a rmers ' f ie lds on of f -season f o d d e r
s o r g h u m d u r i n g the s u m m e r season.
Chemical control . We tested several insect i -
cides f o r head b u g c o n t r o l d u r i n g the 1982 and
1983 ra i ny seasons, and 1982/83 pos t r a i ny sea-
son a t I C R I S A T Center , C a r b a r y l (0 .1%) was
the mos t e f fect ive, f o l l o w e d by fenva lera te
(0 .01%) , c h l o r p y r i p h o s (0 .05%) , q u i n a l p h o s
(0 .05%) , and m a l a t h i o n (0 .05%) ( T a b l e 14). C a r -
b a r y l (0 .1%) was mos t ef fect ive w h e n app l i ed a t
post -anthes is and m i l k y - g r a i n stages. D i c h l o r -
vos and f e n i t r o t h i o n were p h y t o t o x i c to leaves.
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Screen ing f o r resistance. F o u r in fester r o w s o f
a suscept ib le c u l t i v a r ( C S H 1) were p lan ted 20
days ear l ie r t h a n the test m a t e r i a l . T h e in fester
rows were p lan ted a f te r every 16 r o w s . A t the
t i m e o f head emergence in the in fes ter r o w s , head
bugs co l lec ted f r o m o the r f ie lds were u n i f o r m l y
spread in the in fester r o w s .
T h e head b u g p o p u l a t i o n b u i l t u p f o r one
gene ra t i on o n the in fester r o w s a n d t h e n m o v e d
to the test m a t e r i a l . We used th is i n f e s t o r - r o w
techn ique to screen 3856 s o r g h u m g e r m p l a s m
l ines f o r head b u g resistance, a n d selected 113
l ines f o r f u r t h e r tes t ing .
We screened 12 less-susceptible a n d 3 
suscept ib le cu l t i va rs u n d e r headcages d u r i n g the
1983 r a i n y season. A t emergence the heads were
infested w i t h 5 or 15 pa i rs o f head bugs . T h e
results are s h o w n in T a b l e 15. E i g h t cu l t i va r s h a d
s ign i f i can t l y f ewer head bugs 20 days a f te r in fes -
t a t i o n w i t h 15 pa i rs per head . C u l t i v a r s 1S4544 ,
Tab le 14. Insecticides tested for head bug contro l on susceptible sorghum hybr id C S H 1 , I C R I S A T Center , ra iny
season 1983.
N u m b e r o f h e a d bugs head
- 1
Pos tan thes is M i l k y stage
Be fo re 24 h a f t e r B e f o r e 24 h a f t e r G r a i n y i e l d 1000-g ra in
Insec t i c ide sp ray sp ray s p r a y s p r a y ( k g h a
- 1
) mass (g )
C a r b a r y l 13 (3 .3V 1 (1 .4 ) 18 (4 .2 ) 1 .5 (1 .2 ) 2400 27.8
F e n v a l e r a t e 8 (2 .6 ) 1 (1 .4 ) 26 (5 .0) 5 (2 .3 ) 2370 27.0
C h l o r p y r i p h o s 13 (3 .3 ) 5 (2 .3 ) 16 (2 .9 ) 19 (3 .9 ) 2340 24.7
Q u i n a l p h o s 9 (2 .8 ) 2 ( 1 . 5 ) 19 (4 .1 ) 5 (1 .8 ) 2040 27.1
M a l a t h i o n 11 (2 .6 ) 2 ( 1 . 6 ) 19 (4 .2) 7 (2 .4 ) 2020 24.3
U n t r e a t e d c o n t r o l 9 ( 2 . 4 ) 1 (1 .4 ) 26 (4 .9 ) 54 (7 .3 ) 1800 23.3
S E (±0 .74 ) (±0 .30 ) (±0 .44 ) (±0 .52 ) ±312 ±1 .33
1 . F i g u r e s i n p a r e n t h e s e s a r e s q u a r e r o o t t r a n s f o r m e d v a l u e s .
Tab le 1 3 . Per fo rmance o f selected midge-resistant sorghum breeding lines a t I C R I S A T Center a n d D h a r w a d ,
ra iny season 1984 .
D a y s t o
5 0 % f l o w e r i n g
G r a i n y i e l d
( k g h a
- 1
)
Seed
set (%)L i n e Ped ig ree S i te A
1
Si te B
2
I C S V 197
( P M 11344)
P M 7322
P M 7400-1-3
( I S 3443 x D J 6 5 1 4 ) - 1 - 1 - 1 - 1
( I S 12573C x S C 1 0 8 - 4 - 8 K M - 3 - 1
( I S 2 5 7 9 C x D J 6514) -15 -1 -1 -1
66
54
62
5840
5220
4 8 4 0
3810
3260
2920
9 0
8 1
77
C o n t r o l s
C S H 1 
D J 6514
48
73
3940
3910
1520
2310
26
64
S E ±0.8 ±427 ±447
C V (%) 1.3 10 19
1 . E v a l u a t e d u n d e r h i g h f e r t i l i t y a n d i nsec t c o n t r o l a t I C R I S A T C e n t e r .
2 . E v a l u a t e d u n d e r h i g h f e r t i l i t y a n d n a t u r a l m i d g e i n f e s t a t i o n a t D h a r w a d .
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IS 17645, IS 17618, a n d IS 17610 suf fered m o d -
erate g r a i n damage ( r a t i n g 3 to 3.5) w h i l e
I S 4 5 4 4 , I S 9 6 3 9 , I S 17618 , I S 17610, a n d
IS 17645 had g e r m i n a t i o n rates over 7 0 % c o m -
pa red to 12% or less in the suscept ib le cu l t i va rs
C S H 1 , C S H 5 , C S H 9 , a n d S w a r n a .
Oriental Armyworm (Mythimna separata)
Biology. W e m o n i t o r e d the a r m y w o r m p o p u -
l a t i o n a t I C R I S A T Cen te r us ing l i g h t t raps
t h r o u g h o u t the year . T h e p o p u l a t i o n s tar ted t o
increase i n A u g u s t , peaked i n Sep tember , a n d
dec l ined f r o m O c t o b e r t o N o v e m b e r . T r a p
catches i n 1984 were m u c h l o w e r t h a n those
reco rded in the p rev ious 5 years, p r o b a b l y
because the r a i n f a l l was l o w a n d e r ra t i c .
Screening for resistance. We screened 600
s o r g h u m g e r m p l a s m l ines, selected as less sus-
cep t ib le u n d e r f i e l d c o n d i t i o n s i n 1983, f o r lea f
damage u n d e r greenhouse c o n d i t i o n s , and
selected 50 l ines f o r f u r t h e r tes t ing . We a lso e v a l -
ua ted ten l ines f o r a r m y w o r m damage i n large
p lo t s (108 m
2
) u n d e r f i e l d c o n d i t i o n s a n d f o u n d
I S 9692 , I S 6 1 , I S 6984 , C S H 5 , a n d C S H 9 had
10-20% leaf area d a m a g e d c o m p a r e d to a sus-
cept ib le l ine I S 2 7 6 1 , t ha t had m o r e t h a n 4 0 % o f
i ts leaf area d a m a g e d . I n genera l t a l l , fas t -
g r o w i n g cu l t i va rs w i t h l o n g i n te rnodes suf fe red
less damage 4 0 D A E unde r f i e l d c o n d i t i o n s t h a n
sho r t , s l o w - g r o w i n g cu l t i va r s .
Neem (Azadirachta indica) for Insect Control
Laboratory testing. I n c o l l a b o r a t i o n w i t h the
R e g i o n a l Research L a b o r a t o r i e s ( R R L ) , H y d e -
r a b a d , I n d i a , a n d Justus L i e b i g U n i v e r s i t y
( J L U ) , Giessen, Federa l R e p u b l i c o f G e r m a n y ,
we c o n t i n u e d to s tudy the an t i f eedan t p roper t i es
o f neem ( A z a d i r a c h t a indica). We inves t iga ted
T a b l e 15. P o p u l a t i o n increase a n d gra in d a m a g e in 15 sorghum cult ivars infested w i t h 5 a n d 15 pairs of h e a d bugs
p a n i c l e
1
, I C R l S A T Center , ra iny season 1983 .
H e a d bugs p a n i c l e
- 1
D a m a g e r a t i n g
1 G e r m i n a t i o n (%)
C u l t i v a r 5 p a i r s 15 p a i r s 5 p a i r s 15 pa i r s 5 pa i r s 15 pa i r s
I S 17610 104 (10.1)2 84 (9 .0)
2
3.3 3.0 72 (57.8)3 85 (67 .0 )
3
IS 17645 83 (8 .9 ) 1 7 4 ( 1 3 . 2 ) 3.0 3.2 74 (59 .7 ) 84 (66 .7 )
I S 9639 25 (4 .3 ) 204 (14 .2 ) 3.0 3.9 78 (62 .2 ) 80 (63 .7 )
I S 17618 1 3 2 ( 1 1 . 5 ) 3 1 2 ( 1 7 . 7 ) 3.5 3.5 83 (65 .3 ) 76 (60 .8 )
I S 4544 1 1 9 ( 1 0 . 8 ) 3 7 4 ( 1 9 . 3 ) 2.3 3.2 70 (57 .9 ) 72 (57 .7 )
I S 9692 83 (8 .9 ) 2 3 2 ( 1 5 . 2 ) 4 .2 4.7 67 (54 .9 ) 66 (54 .0 )
IS 14476 47 (6 .8 ) 63 (7 .9 ) 4 .2 5.0 64 (52 .8 ) 46 (42 .4 )
I S 21217 88 (9 .3 ) 2 9 7 ( 1 7 . 1 ) 3.8 4.7 6 4 ( 5 3 . 1 ) 42 (39 .8 )
I S 6983 34 (5 .8 ) 57 (7 .1 ) 4 .1 4.0 71 (57 .5 ) 42 (40 .2 )
I S 2761 44 (6 .6 ) 204 (14 .3 ) 3.9 4.3 86 (68 .1 ) 37 (37 .2 )
I S 6984 1 2 3 ( 1 1 . 0 ) 50 (7 .0 ) 4 .8 5.0 57 (48 .8 ) 30 (32 .9 )
C S H 5 178 (13 .3 ) 394 (19 .8 ) 4 .1 3.7 4 (10 .5 ) 1 2 ( 1 9 . 8 )
C S H 1 281 (16 .7 ) 625 (25 .0 ) 4.5 4 .6 37 (37 .3 ) 6 (13 .6 )
C S H 9 279 (16 .7 ) 495 (22 .2 ) 4 .4 4.9 9 (17 .4 ) 3 (8 .6 )
S w a r n a 2 2 6 ( 1 5 . 0 ) 277 (16 .6 ) 5.0 5.0 7 ( 1 3 . 7 ) 0.1 (1 .8 )
S E ±(0 .83) ±0 .06 ±(4 .60)
1 . D a m a g e r a t i n g on a 1 to 5 sca le , w h e r e 1 = f e w f e e d i n g p u n c t u r e s on t h e g r a i n a n d 5 = g r a i n s u n d e v e l o p e d , heads c h a f f y .
2 . F i g u r e s i n p a r e n t h e s e s a re s q u a r e r o o t t r a n s f o r m e d v a l u e s .
3 . F i g u r e s i n p a r e n t h e s e s a r e a r c s ine t r a n s f o r m e d v a l u e s .
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the dosage an t i f eedan t response o f neem ex t rac t
( f r a c t i o n G) us ing 3 r d ins ta r la rvae o f Mythimna 
separata. F r a c t i o n G is an act ive an t i f eedan t ,
r educ ing leaf feed ing by a b o u t 5 0 % a t concen t ra -
t i ons as l o w as 0 .005%. A t concen t ra t i ons o f
0 .04%, feed ing was comp le te l y i n h i b i t e d u n d e r
l a b o r a t o r y c o n d i t i o n s .
A n u m b e r o f f o r m u l a t i o n s were m a d e f r o m
f r a c t i o n G us ing d i f f e ren t so lvents a n d syner-
gists, a n d E m u l g a t o r W R a s a n emu ls i f i e r , a n d
tested a t 0 .05% c o n c e n t r a t i o n . W e f o u n d o n
v i sua l l y assessing the leaf damage caused, the
Tab le 16 . Effect of four neem f ract ion G fo rmula t ions
on leaf feeding a n d larva l mass of 3 r d instar larvae of
Mythimna separata under labora tory condi t ions,
I C R I S A T Center , 1984 .
D a m a g e L a r v a l
F o r m u l a t i o n r a t i n g
1
mass(g)
F r a c t i o n G in benzy l a l c o h o l + 3.0 0.16
p i p e r o n y l b u t o x i d e
F r a c t i o n G in b e n z y l a l c o h o l 4 .0 0.52
F r a c t i o n G in m e t h a n o l + 1.5 0.20
p i p e r o n y l b u t o x i d e
F r a c t i o n G in m e t h a n o l 3.2 0 .30
P i p e r o n y l b u t o x i d e 2.3 0.16
E m u l s i f i e r 4 .0 0.53
U n t r e a t e d c o n t r o l 4 .5 0.89
S E ±0.38 ±0.110
1. Based on a 1 to 5 sca le , w h e r e 1 = 1 0 % , 2 = 11 - 2 5 % , 3 = 2 6 -
4 0 % , 4 = 4 1 - 6 0 % , a n d 5 = > 6 0 % lea f a r e a c o n s u m e d .
f o r m u l a t i o n w i t h f r a c t i o n G in m e t h a n o l + p i pe -
r o n y l b u t o x i d e ( P B O ) was the m o s t ac t ive u n d e r
l a b o r a t o r y c o n d i t i o n s ( T a b l e 16). P B O syner-
g ized the a c t i o n o f f r a c t i o n G in b o t h m e t h a n o l
a n d benzy l a l c o h o l .
Fie ld testing. We eva luated an enr i ched neem
ex t rac t f r o m J L U f o r pest c o n t r o l o n s o r g h u m
C S H 1 u n d e r f i e ld c o n d i t i o n s . T h e insect n u m -
bers reco rded , and damage caused by g ray wee-
v i l (Myllocerus sp ) , o r i e n t a l a r m y w o r m
(Mythimna separata), and s tem bo re r (Chilo 
partellus) in t reated p lo ts were s ign i f i can t l y
reduced c o m p a r e d to un t rea ted p lo t s . P lo ts
sprayed w i t h neem ex t rac t y ie lded a lmos t tw ice
as m u c h g r a i n as un t rea ted p lo ts (Tab le 17).
M i c r o b i a l Associat ions
Biological Nitrogen Fixation
N i t r o g e n ba lance s tud ies. In a l o n g - t e r m ,
n i t rogen-ba lance f i e ld t r i a l s tar ted in 1978, e ight
s o r g h u m cu l t i va rs (Tab le 18) are g r o w n each
year on the same p l o t w i t h the same rates o f
added n i t r o g e n . H o w e v e r , due t o c o n t i n u e d
c r o p p i n g w i t h s o r g h u m , t h e s u b s e q u e n t
s o r g h u m crops g rew p o o r l y . T o ove rcome such
p rob lems d u r i n g the 7 t h year o f the e x p e r i m e n t
( r a i n y season 1984), a u n i f o r m c r o p o f m i l l e t
c u l t i v a r I C M V 1 was g r o w n w i t h the same levels
Table 17 . Effect of neem extract on insect pests and grain yield of sorghum cult ivar C S H 1 under f ield condit ions,
I C R 1 S A T Center , ra iny season 1983 .
S t e m b o r e r d a m a g e
G r a y weev i l s /
T r e a t m e n t 100 p l a n t s
A r m y w o r m
d a m a g e
I n t e r n o d e s
b o r e d (%)
S t e m
t u n n e l i n g (%)
H e a d bugs /
10 heads
G r a i n y i e l d
( k g h a
- 1
)
N e e m e x t r a c t 18 (4 .3 )
1
E m u l s i f i e r 41 (6 .3 )
U n t r e a t e d c o n t r o l 3 1 (5 .5 )
SE ± (0 .34)
2 .7
2
3.5
3.8
5.6 (13 .3 )
3
1 9 . 7 ( 2 6 . 1 )
17.7 (24 .6 )
± ( 1 . 9 3 )
3.6 (10.2)3
12.3 (20 .3 )
1 3 . 7 ( 2 1 . 5 )
± ( 1 . 7 4 )
389 ( 1 9 )
1
5 8 5 ( 2 4 )
661 (25 )
± ( 1 . 5 )
2250
1083
1167
±183
1 . N u m b e r s i n p a r e n t h e s e s a r e s q u a r e r o o t t r a n s f o r m e d v a l u e s .
2 . D a m a g e r a t i n g based on a 1 to 5 sca le , w h e r e 1 = 1 0 % , 2 = 1 1 - 2 5 % , 3 = 2 6 - 4 0 % , 4 = 41 - 6 0 % , a n d 5 = > 6 0 % l e a f a r e a c o n s u m e d .
3 . N u m b e r s i n p a r e n t h e s e s a r e a r c s ine t r a n s f o r m e d v a l u e s .
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T a b l e 1 8 . T o t a l d ry -mat te r y ie ld ( k g h a
- 1
) o f mi l le t
cult ivar I C M V 1 g r o w n in plots previously cropped
w i t h sorghum cult ivars in long- te rm ni t rogen-balance
t r i a l , I C R I S A T Center , ra iny season 1984
1
.
S o r g h u m c u l t i v a r g r o w n
i n p r e v i o u s years
N i t r o g e n f e r t i l i z e r
a p p l i e d ( k g h a
- 1
)
0 2 0 4 0 M e a n
F L R 101
C S V 5 
3870 5290
3750 4780
6290 5150
5790 4770
C S H 5 3520 5090 5640 4750
IS 2333 3530 4850 5980 4780
I S 889 4330 5620 5650 4200
D o b b s 3800 4260 5660 4570
I S 15165 4990 4840 5730 5190
D i a l l e l 642 4280 4920 5800 5000
S E ±358 ±108
M e a n 4010 4960 5820
S E ±244
C V (%) 11
1 . M e a n o f f o u r r e p l i c a t i o n s . N e t p l o t a r e a h a r v e s t e d = 26 .25
m
2
.
o f added n i t r o g e n . T h e t o t a l d r y - m a t t e r y ie lds o f
I C M V 1 va r i ed s ign i f i can t l y ( P = < 0 . 0 1 ) be tween
p lo ts p rev ious l y s o w n w i t h s o r g h u m across the
n i t r o g e n levels, a n d amongs t the n i t r o g e n levels
across the p lo ts p rev ious l y s o w n w i t h s o r g h u m .
Plo ts p rev ious l y s o w n w i t h s o r g h u m c u l t i v a r I S
889 y ie lded 5200 k g h a
- 1
, the m a x i m u m t o t a l d r y
ma t t e r across a l l n i t r o g e n levels. IS 15165 had
the m a x i m u m t o t a l d r y - m a t t e r y i e l d (4990 k g
ha
- 1
) w i t h n o n i t r o g e n i n a n y year. T h e t o t a l
d r y - m a t t e r y ie ld o f m i l l e t c u l t i v a r I C M V 1 f r o m
p lo ts where p rev ious l y cu l t i va rs C S H 5 and IS
2333 were g r o w n across the n i t r o g e n levels were
s im i la r (Tab le 18). T h e c u m u l a t i v e n i t r o g e n
u p t a k e t h r o u g h a b o v e - g r o u n d p l a n t par ts f r o m
1978 to 1983 (except 1981) i nd i ca ted t h a t C S H 5 
h a d the h ighest n i t r o g e n u p t a k e (230 kg ha
- 1
)
a m o n g s t the s o r g h u m cu l t i va r s across the ap-
p l i ed n i t r o g e n levels, and IS 2333 the lowest (180
kg ha
- 1
) . These results suggest t h a t s o r g h u m c u l -
t i vars v a r y i n n i t r o g e n - f i x i n g a b i l i t y .
Response to inoculation wi th nitrogen-f ixing
bacteria. We conduc ted a f i e l d t r i a l w i t h th ree
s o r g h u m cu l t i va rs , C S H 5 , C S H 9 , a n d I C S V 1 ,
a n d 10 i n o c u l a t i o n t rea tments us ing n ine d i f f e r -
ent s t ra ins o f bac te r ia , d u r i n g the 1984 r a i n y
season. I n o c u l a t i o n resul ted i n increased g r a i n
y ie ld over the n o n i n o c u l a t e d c o n t r o l across a l l
cu l t i va rs . Increases va r ied f r o m 2 to 10%, w i t h
m a x i m u m increases f o l l o w i n g i n o c u l a t i o n w i t h
Azospirillum lipoferum ( I C M 1001) a n d A z o s p i -
rillum sp ( I C M 101) (Tab le 19). A s i m i l a r t r e n d
was also observed i n t o t a l d r y - m a t t e r p r o d u c t i o n
by the three cu l t i va rs .
Tab le 19 . G r a i n yield ( k g h a
- 1
) o f sorghum cult ivars
inoculated w i th var ious strains of n i t rogen- f ix ing bac-
ter ia , I C R I S A T Center , ra iny season 1984.
C u l t i v a r s
B a c t e r i a l s t r a i n C S H 5 C S H 9 ICSV 1 Mean
1
Azospirillum lipoferum 
( I C M 1001) 4230 4140 3540 3970
Azotobacter chroococcum 
( I C M 2001) 3890 4120 2960 3660
NBR E
2 3800 3820 3420 3680
A. brasilense (S L 33)
3
4340 4040 3410 3930
Azospirillum sp
( I C M 101) 4180 3980 3680 3950
Azospirillum sp
( I C M 102) 4110 3830 3340 3760
Azospirillum sp
( I C M 103) 4070 4040 2900 3670
Azospirillum sp
( I C M 104) 4190 3850 3180 3740
A. lipoferum 
(4 A B L )
4
4310 3810 3570 3890
Noninoculated cont ro l 3750 3880 3190 3610
SE ±220 ±130
Mean 4090 3950 3320
SE ±44
CV (%) 10
1 . M e a n o f f o u r r e p l i c a t i o n s . N e t p l o t a r e a h a r v e s t e d = 9 m
2
.
A b a s a l f e r t i l i z e r d o s e o f 20 kg N a n d 9 kg P h a
- 1
 was
a p p l i e d . E a c h p l o t w a s i n o c u l a t e d t w i c e w i t h 2 .5 L l i q u i d
i n o c u l u m p r e p a r e d b y s u s p e n d i n g a 7 0 g p e a t c u l t u r e w i t h
v i a b l e b a c t e r i a l c o u n t o f 10
8
g
- 1
 pea t i n 7 0 L w a t e r .
2 . N a p i e r B a j r a R o o t E x t r a c t .
3 . C u l t u r e o b t a i n e d f r o m t h e U n i v e r s i t y o f A l b e r t a ,
E d m o n t o n , C a n a d a .
4 . C u l t u r e o b t a i n e d f r o m C e n t r e N a t i o n a l d e R e c h e r c h e
S c i e n t i f i q u e ( C N R S ) , F r a n c e .
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E f fec t o f d i f f e ren t levels a n d t i m e o f a p p l i c a t i o n
o f bac te r ia l i n o c u l u m o n g ra in y i e l d . W e c o n -
duc ted a f i e ld i n o c u l a t i o n t r i a l us ing c u l t i v a r
C S H 5 d u r i n g the r a i n y season to s tudy the
effects o f d i f fe ren t cel l concen t ra t i ons of A.
lipoferum ( I C M 1001), a n d t ime o f app l i ca t i ons
o n g r a i n a n d p lan t d r y - m a t t e r y ie lds. T h e g r a i n
y ie ld results i nd i ca ted tha t i n o c u l a t i o n w i t h a 
peat cu l t u re suspension a t s o w i n g m a x i m i z e d
g r a i n y i e l d , and t h a t i n o c u l a t i o n a t t h i n n i n g (3
weeks a f ter sow ing ) also increased g r a i n y ie ld
over the c o n t r o l , b u t the increase was subs tan -
t i a l l y l o w e r t h a n tha t f r o m p lan ts i n o c u l a t e d a t
sow ing . W e observed m a x i m u m g r a i n y ie ld
(3860 kg ha
- 1
) f r o m a t r ea tmen t where a b r o t h
cu l t u re w i t h 10
8
 bac ter ia l cells mL
- 1
 was app l i ed
a t the t i m e o f s o w i n g . B u t , w h e n the bac te r ia l cel l
c o n c e n t r a t i o n was decreased, g r a i n y ie ld also
decreased. There was no a d d i t i o n a l benef i t over
single i n o c u l a t i o n w i t h a cu l t u re b r o t h c o n t a i n -
i ng 10
3
 cells mL
-1
 in a second i n o c u l a t i o n us ing a 
cu l t u re b r o t h w i t h the same cel l c o n c e n t r a t i o n .
Mycorrhiza
Genotype-dependen t d i f ferences. T h i r t y g e r m -
p lasm accessions tested a t t w o loca t ions ( I C R I -
S A T Center and Bhavan isagar ) f o r d i f ferences
in the ex tent o f r o o t c o l o n i z a t i o n by ves icu lar -
a rbuscu la r m y c o r r h i z a ( V A M ) d i f f e red s ign i f i -
can t l y (P = 0.05) (Tab le 20). T h e percentage
c o l o n i z a t i o n ranged f r o m 15 t o 18% a t I C R I -
S A T Center and 14 to 5 3 % a t Bhavan isagar .
I n t e r a c t i o n between geno type and l o c a t i o n was
h i g h l y s ign i f i can t (P = 0.01) suggest ing V A M
f u n g a l preferences f o r p l a n t type .
Rock Phosphate and V A M
In a p o t t r i a l us ing nons ter i l i zed f ie ld so i l c o n -
t a i n i n g na t i ve V A M f l o r a , p lan ts V A M -
i n o c u l a t e d w i t h Acaulospora sp y i e l d e d
s ign i f i can t l y (P < 0.05) m o r e d r y ma t t e r t h a n
n o n i n o c u l a t e d con t ro l s . K o d j a r i r o c k phospha te
was added at levels r a n g i n g f r o m 0 to 80 kg P 
ha
- 1
. M y c o r r h i z a l i n o c u l a t i o n p lus r o c k p h o s -
phate at 4 kg P ha
- 1
 increased d r y m a t t e r by 6 8 %
over c o n t r o l s h a v i n g o n l y r o c k phospha te , a n d
Tab le 2 0 . M y c o r r h i z a l co lonizat ion o f sorghum geno-
types g r o w n a t I C R I S A T Center a n d Bhavanisagar ,
ra iny season 1984.
V A M c o l o n i z a t i o n (%)
1
.
O r i g i n I C R I S A T B h a v a n i -
G e n o t y p e ( c o u n t r y ) C e n t e r sagar M e a n
IS 2046 U S A 23 17 20
IS 8248 U g a n d a 19 21 20
I S 4042 I n d i a 26 20 23
IS 18345 I n d i a 18 28 23
IS 2873 E g y p t 28 19 24
IS 19078 S u d a n 16 34 25
I S 1052 I n d i a 37 14 26
IS 9508 S . A f r i c a 19 32 26
IS 18309 N i g e r 23 29 26
IS 10747 C h a d 18 35 27
IS 23502 E t h i o p i a 21 33 27
IS 22471 S u d a n 30 24 27
I S 1024 I n d i a 24 32 28
I S 8571 T a n z a n i a 32 25 29
I S 18415 I n d i a 26 32 29
IS 8064 J a p a n 15 45 30
IS 4599 I n d i a 21 41 31
I S 271 U n k n o w n 27 37 32
IS 10755 C h a d 29 37 33
I S 4001 I n d i a 28 39 34
I S 84 E g y p t 48 20 34
IS 9468 S. A f r i c a 28 41 35
I S 1035 I n d i a 37 33 35
IS 2803 Z i m b a b w e 32 39 36
IS 7270 N i g e r i a 35 38 37
IS 18440 I n d i a 41 34 38
IS 22381 S u d a n 38 39 39
I S 15184 C a m e r o o n 26 53 40
IS 2293 S u d a n 46 38 42
I S 9284 S u d a n 34 51 43
C o n t r o l
C S H 5 I n d i a 26 37 31
S E (geno types ) ±5.5 ±5.5 ±4 .2
M e a n 28 33
S E ( l o c a t i o n ) ±1.0
C V (%) 27 24
1 . V a l u e s a r e m e a n s o f e i g h t p l a n t s f r o m t w o r e p l i c a t e p l o t s
e a c h w i t h t w o r o w s , 3 m l o n g .
40 Sorghum 
the response decreased as r o c k phospha te a p p l i -
ca t i on increased. These results unde r l i ne the
i m p o r t a n c e o f m y c o r r h i z a e i n the u t i l i z a t i o n o f
l o w concen t ra t i ons o f spa r ing l y -so lub le r ock
phospha te i n the so i l , M y c o r r h i z a l f u n g i seem to
va ry i n t he i r e f f i c iency t o u t i l i ze r o c k phospha te .
In a p o t t r i a l us ing rock phospha te (12 kg ha
- 1
)
app l i ed to a s ter i l ized A l f i s o l (0.1 p p m Olsen P) ,
10 V A M inocu lan t s s ign i f i can t l y (P < 0 . 0 1 ) in-
creased t o t a l d r y ma t te r ( T D M ) a n d p h o s p h o r u s
u p t a k e by s o r g h u m p lan ts . T h e mos t e f f i c ien t
V A M f u n g u s , Acaulospora sp , increased phos -
p h o r u s a b s o r p t i o n near ly f o u r t imes over Glo-
mus caledonius, the least e f f ic ient V A M fungus
tested.
Screening for P uptake and translocation. We
deve loped a techn ique to co l lect ' b leed ing sap'
( F i g . 4 ) i n o rde r t o m o n i t o r p h o s p h o r u s t r a n s l o -
c a t i o n i n t o the shoo t , h a v i n g p rev ious l y f o u n d
th is t echn ique feasible ( I C R I S A T A n n u a l
R e p o r t 1982, p.47). Sap analys is showed tha t
p h o s p h o r u s i s t rans loca ted in b o t h b o u n d and
free i n o r g a n i c f o r m s .
In a p o t t r i a l w i t h Acaulospora sp, Gigaspora 
calospora, and G. margarita, the t o t a l m y c o r -
r h i za l l eng th was d i rec t l y co r re la ted ( r = 0 .86*) to
free i n o r g a n i c p h o s p h o r u s in the b leed ing sap
co l lec ted f r o m 56-day o ld seedl ings. In a f ie ld
t r i a l w i t h Glomus mosseae, Gigaspora margar-
ita, and G. calospora, we f o u n d a c o r r e l a t i o n (r = 
0 .86*) be tween t o t a l p h o s p h o r u s o b t a i n e d by
h y d r o l y z i n g the sap w i t h a c i d , and t o t a l phos -
pho rus u p t a k e by seedl ings. Pos i t i ve r e l a t i o n -
ships between m y c o r r h i z a l c o l o n i z a t i o n , a n d / o r
t o t a l p h o s p h o r u s u p t a k e by p lan ts i nd i ca te tha t
the techn ique c o u l d be used to screen host p lants
and V A M f u n g i f o r P up take . H o w e v e r , p lan t
age, P source, etc. are fac to rs tha t shou ld a lso be
cons idered .
Figure 4 . Seedling of sorghum cult ivar C S H 5 w i th
shoot severed to collect 'bleeding sap'. Th is technique
is used to m o n i t o r phosphorus t ranslocat ion f r o m soil
to shoot.
P l a n t I m p r o v e m e n t
Mult i factor Resistant Populations
We have successful ly used recu r ren t se lect ion
b reed ing m e t h o d s a n d s i gn i f i can t l y i m p r o v e d
s o r g h u m p o p u l a t i o n s f o r g r a i n y ie ld a n d a g r o -
n o m i c des i rab i l i t y . We have n o w e m b a r k e d on a 
l o n g - t e r m p o p u l a t i o n i m p r o v e m e n t p r o g r a m
a i m e d a t c o m p o s i t i n g f i v e b r o a d based m u l t i -
f ac to r - res i s tan t p o p u l a t i o n s ( T a b l e 21), W e w i l l
i n c o r p o r a t e i n t o the p o p u l a t i o n , i m p r o v e d sour -
ces of resistance to diseases a n d insect pests as
we l l as o t h e r des i rab le charac te r i s t i cs i m p o r t a n t
i n p r i o r i t y geog raph i ca l reg ions o f the semi -a r i d
t r op i cs ( S A T ) . T h e p o p u l a t i o n s w h e n f o r m e d
w i l l be s tead i ly i m p r o v e d by recu r ren t se lect ion
m e t h o d s , and a d d i t i o n a l i m p r o v e d source m a t e -
r i a l w i l l be i n c o r p o r a t e d as a n d w h e n they
become ava i l ab le .
Populat ion evaluat ion. A t r i a l cons i s t i ng o f
f o u r cycles o f se lect ion f o r each o f f i ve p o p u l a -
t i ons was c o n d u c t e d in 1983 a t l o ca t i ons in I n d i a
a n d A f r i c a . T h e resul ts f r o m three I n d i a n l oca -
t i ons have a l r eady been repo r t ed ( I C R I S A T
P l a s t i c t u b i n g
'
B l e e d i n g sap '
S e v e r e d s o r g h u m shoo t
Sorghum 41
Tab le 2 1 . P lanned mult i factor-resistant ( M F R ) sorghum popula t ions .
D e s i g n a t i o n
I m p o r t a n t t r a i t a n d t r a i t
c o m p l e x e s t o b e i n c o r p o r a t e d M o n i t o r e d t r a i t s
I C S P 1 R / M F R
I C S P 2 B / M F R
Resis tances t o g r a i n m o l d ,
s tem b o r e r / s h o o t f l y , a n d m i d g e
I m p r o v e d g r a i n y i e l d , c h a r c o a l r o t ,
s t a n d e s t a b l i s h m e n t , Striga, a n d f o o d q u a l i t y
I C S P 3 R / M F R
I C S P 4 B / M F R
Resis tances t o g r a i n m o l d ,
s t a n d e s t a b l i s h m e n t , a n d Striga 
I m p r o v e d g r a i n y i e l d , c h a r c o a l r o t , s t e m
b o r e r / s h o o t f l y , m i d g e , a n d f o o d q u a l i t y
I C S P 5 B R / M F R I m p r o v e d g r a i n y i e l d a n d resistances
to s tem b o r e r / s h o o t f l y , Striga, a n d
f o o d q u a l i t y
C h a r c o a l r o t , g r a i n m o l d , m i d g e , a n d
s t a n d e s t a b l i s h m e n t
A n n u a l R e p o r t 1983, p . 39). W e received a n d
ana lyzed a d d i t i o n a l da ta f r o m t w o A f r i c a n loca-
t i o n s , G o l d e n V a l l e y Research S t a t i o n , Z a m b i a
a n d R a t t r a y A r n o l d Research S t a t i o n , Z i m -
b a b w e . Se lec t ion ga ins ove r cycles f o r g r a i n y i e l d
a m o n g the f o u r p o p u l a t i o n s ( U S / R , U S / B ,
R s / R , a n d R s / B ) were l o w a n d ranged f r o m
-17.0 t o 5 . 9 % ( T a b l e 22) . I t i s i m p o r t a n t t o n o t e
T a b l e 2 2 . G r a i n yield ( k g h a
1
) o f d i f ferent cycles a n d percentage gain cycle
- 1
 o f sorghum populat ions evaluated a t
G o l d e n Va l ley Research S t a t i o n , Z a m b i a
1
, a n d R a t t r a y A r n o l d Research S t a t i o n , Z i m b a b w e
1
, ra iny season 1983 .
G a i n (%)
P o p u l a t i o n C y c l e Z a m b i a Z i m b a b w e M e a n Per cyc le O v e r a l l
U S / R C0 3060 3940 3500
C1 3130 4420 3770 7.7
C3 3650 5960 4 8 0 0 13.7
C4 2870 4030 3450 -28 .1 -1.4
U S / B C0 1890 4170 3030
C2 3800 5310 4 5 5 0 25.1
C 3 4 4 4 0 4250 4350 -4.4
C4 3410 3020 3210 -26 .2 5.9
R s / R C0 3020 5860 4440
C2 3310 5440 4 3 8 0 -1.4
C4 3310 3790 3550 -9.5
C5 4200 5170 4690 32.1 5.6
R s / B C0 3680 5680 4 6 8 0
C2 2930 4530 3730 -10.1
C4 4 4 3 0 2640 3530 -2.7
C5 4 1 0 0 3670 3880 9.9 -17.1
W A E C0 1910 1810 1860
C1 3090 4 2 8 0 3690 98 .4
C2 4 8 0 0 5180 4990 35.2 168.1
C o n t r o l
C S H 5 3570 4570 4070
S E ±365 ±461
C V (%) 18 18
1 . R a n d o m i z e d b l o c k d e s i g n ( R B D ) , p l o t s ize 1 8 m
2
 i n Z a m b i a a n d 6 m
2
 i n Z i m b a b w e .
42 Sorghum 
t h a t se lec t ion ga ins ove r cycles f o r g r a i n y i e l d f o r
the same p o p u l a t i o n s a t I n d i a n l oca t i ons were
re la t i ve l y h i g h , r a n g i n g f r o m 7.1 t o 2 8 % . A l l the
p o p u l a t i o n s were i m p r o v e d f o r g r a i n y i e l d u n d e r
I n d i a n c o n d i t i o n s a n d th is m a y p a r t l y e x p l a i n
w h y se lec t ion ga ins are h i ghe r a t I n d i a n t h a n a t
A f r i c a n l o c a t i o n s . W e need t o c o n d u c t m o r e
e v a l u a t i o n t r ia l s o f these p o p u l a t i o n s a t m a n y
m o r e l oca t i ons i n A f r i c a a n d I n d i a t o c o n f i r m
th is f i n d i n g .
Deve lopment o f synthetic varieties. We c o n -
t i n u e d o u r p lans t o deve lop syn the t i c var ie t ies
us ing the m o s t advanced p o p u l a t i o n s o f U S / R
a n d W A E ( I C R I S A T A n n u a l R e p o r t 1983, p .
39) . T h e s ix syn the t ic var ie t ies u n d e r d e v e l o p -
m e n t were separate ly r a n d o m m a t e d tw i ce . W e
w i l l eva lua te these syn the t i c var ie t ies i n m u l t i -
n a t i o n a l t r i a l s i n I n d i a d u r i n g the 1985 r a i n y
season to es t imate t he i r s tab i l i t y a n d a d a p t a t i o n
c o m p a r e d w i t h c o m m e r c i a l v a r i e t i e s a n d
h y b r i d s .
Der ived lines. We c o n t i n u e d pedigree se lec t ion
i n o u r m o s t i m p r o v e d p o p u l a t i o n s . A t o t a l o f
419 de r i ved l ines in advanced genera t ions were
g r o w n a n d reselected d u r i n g the r a i n y season.
A l l the selected l ines are be ing advanced to the
n e x t g e n e r a t i o n d u r i n g the p o s t r a i n y season, a n d
w i l l be y ie ld- tes ted in the 1985 r a i n y season.
I n a n advanced v a r i e t a l t r i a l cons i s t i ng o f 4 2
advanced p o p u l a t i o n der i va t i ves a t I C R I S A T
Cen te r , D h a r w a d , a n d Bhavan i saga r d u r i n g the
1984 r a i n y season, seven l ines w i t h g o o d y ie ld
p o t e n t i a l , a n d o t h e r des i rab le a g r o n o m i c t ra i t s
were selected. T h o s e l ines , I C S V 1 6 3 , I C S V 1 3 8 ,
I C S V 104, ( F L R 2 7 4 x C S V 4 ) - 6 - 2 - 1 , [ ( F L R 141
x C S V 4 ) - 1 - 2 x I n d - S y n ] - 3 - 3 - 4 , [ ( F L R 101 x 
IS 1082 ) -4 -5 -1 x I n d - S y n ] - 2 3 5 - 3 - 2 - 2 , a n d
[ ( S C 108 x D i a l l e l Po l l ) - 2 -1 -2 -3 -3 ] , have m e a n
g r a i n y ie lds r a n g i n g f r o m 4356 t o 4552 k g ha"
1
c o m p a r e d t o 4292 f o r the best c o n t r o l v a r i e t y ,
I C S V 1 .
Evaluating Advanced Elite Varieties
W e y ie ld - tes ted o u r 6 0 a d v a n c e d e l i te s o r g h u m
var ie t ies a t th ree l oca t i ons i n I n d i a d u r i n g the
r a i n y season. These l ines , de r i ved f r o m crosses
i n v o l v i n g recen t l y -co l lec ted s o r g h u m g e r m -
p l a s m accessions have exce l len t g r a i n q u a l i t y
charac ter is t i cs . M e a n g r a i n y ie lds o f the m o s t
p r o m i s i n g ent r ies are presented i n T a b l e 23 .
M o s t o f the selected l ines possess h i g h l y c o r n e -
ous g ra ins , a n d those de r i ved f r o m crosses
i n v o l v i n g I S 3 1 9 6 1 4 , P C 6 2 9 , a n d I S 17797 a lso
have l o n g pan ic les . We a lso present i n Tab les 24
a n d 25 m e a n g r a i n y ie lds o f several o t h e r
advanced l ines selected f r o m v a r i o u s t r ia l s on the
basis o f t he i r g o o d y ie ld p o t e n t i a l a n d des i rab le
a g r o n o m i c t ra i t s . M o s t o f the i m p r o v e d var ie t ies
w i l l b e d i s t r i b u t e d t o o u r c o o p e r a t o r s i n the S A T
f o r use i n t he i r b reed ing p r o g r a m s , a n d f o r m u l -
t i l o c a t i o n a l e v a l u a t i o n .
Female Parents for Hybrids (Male Steriles)
M i l o cytoplasm. We eva lua ted i n a rep l i ca ted
nurse ry 215 A a n d B l ines at seven l oca t i ons in
I n d i a d u r i n g the r a i n y season. T h e y were a lso
screened f o r resistance to leaf diseases a t P a n t -
naga r , a n d t o D M a t D h a r w a d . F r o m these, w e
selected 45 A a n d B l ines of d iverse o r i g i n w i t h
super io r a g r o n o m i c charac te r i s t i cs a n d stable
p e r f o r m a n c e . T h e m e a n g r a i n y ie ld o f B l ines o f
the selected ma le ster i les ranged f r o m 2500 to
4490 kg ha
- 1
 c o m p a r e d w i t h 3000 to 3800 kg ha"
1
f o r the best c o m m e r c i a l c o n t r o l s . S o m e o f the
selected l ines are less suscept ib le to diseases a n d
have g o o d g r a i n q u a l i t y charac te r i s t i cs . I n
a n o t h e r t r i a l , we eva lua ted severa l new ma le
steri les de r i ved f r o m p o p u l a t i o n s a t three l oca -
t i o n s i n I n d i a . T h e resul ts f r o m the m o s t p r o m i s -
i n g B l ines are presented in T a b l e 26 . We w i l l
eva lua te a l l selected ma le ster i les f o r t he i r c o m -
b i n i n g a b i l i t y d u r i n g the 1985 r a i n y season.
N o n m i l o c y t o p l a s m . A l l the n o n m i l o c y t o p l a s -
m i c male-s ter i le l ines w e have co l lec ted ( I C R I -
S A T A n n u a l R e p o r t 1983, p . 4 3 , T a b l e 21) were
g r o w n d u r i n g the 1984 r a i n y season a t th ree
loca t i ons i n I n d i a , where t hey a l l u n i f o r m l y
s h o w e d s te r i l i t y .
O u r e f f o r t s t o i d e n t i f y f e r t i l i t y res torers f o r the
n o n m i l o ma le ster i les are c o n t i n u i n g . W e m a d e
several crosses be tween n o n m i l o m a l e ster i les
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Table 23. Mean grain yield (kg ha
- 1
) of promising elite sorghum varieties evaluated at three locations in India,
rainy season 1984.
I C R I S A T B h a v a n i -
E n t r y Ped ig ree C e n t e r D h a r w a d sagar M e a n
I C S V 202 [ ( S C 108-3 x CS 3541) -3 x I C S V 112] -2 -2 5970 7220 4 1 8 0 5790
M 10968 [ I C S V 112 x ( I S 12611 x SC 108-3) ] -2 5750 6200 4 8 8 0 5610
M 11026 [ I S 20509 x ( I S 12611 x SC 108-3) ] -4 -4 5530 5760 5330 5540
M 11036 [ ( S C 108-3 x CS 3541)-51-1-1 x ( C K 6 0 B x 
I S 84 ) ] -1 -1 5330 5630 5160 5370
I C S V 199 I S 1961 x [ (148 x E 35-1) x C S 3541] -10-1 6220 5330 4280 5280
M 11049 [ (148 x E 3 5 - 1 ) - 2 - 4 x PC 629 ] -2 -1 4720 4830 3690 4410
I C S V 200 [ (148 x E 3 5 - 1 ) - 2 - 4 x IS 17797] -1-2 5030 4260 3390 4230
C o n t r o l s
I C S V 2 ( S P V 386) 6030 6670 3860 5520
I C S V 1 ( S P V 351) 5500 5670 3930 5030
S E ±770 ±970 ±770
C V ( % ) 14 18 19
M 11033 [ ( S C 108-3 x CS 3541)-3 x I C S V 1123-2-3-1 6690 5330 3580 5200
M 11010 [ I S 19614 x ( i s 12611 x SC 108-3) ] -1 -1-6-2 6610 4720 3610 4980
M 10997 [ I C S V 112 x ( I S 12611 x SC 108-3) ] -4-4-8-27 5360 4800 3150 4440
M 11109 (E 36-1 x CS 3541) -3 -15-2 5640 4350 2080 4020
C o n t r o l s
I C S V 112 ( S P V 475 ) 5390 4350 3840 4530
I C S V 158 ( S P V 615) 5190 5330 2590 4370
S E ±633 ±551 ±660
C V ( % ) 12 12 21
a n d g e r m p l a s m accessions d u r i n g the 1984 pos t -
ra iny season. A l l the resu l t i ng F 1 s w i l l be g r o w n
a n d observed , to see w h e t h e r a n y g e r m p l a s m
accessions res tored f e r t i l i t y t o a n y o f the n o n -
m i l o ma le steri les in the F 1 gene ra t i on .
Hybrid Evaluation
W e eva lua ted several p r e l i m i n a r y h y b r i d s p r o -
duced f r o m o u r new male-s ter i le l ines M A 6 ,
M A 9 , M A 10, M A 12, S P L 180A , S P L 2 0 4 A ,
a n d S P L 117 A in rep l i ca ted y i e l d t r ia ls a t three
loca t i ons i n I n d i a . M e a n g r a i n y ie lds o f the m o s t
p r o d u c t i v e h y b r i d s are presented in Tab les 27
a n d 28. A l l the selected h y b r i d s t h a t c o m b i n e
h i g h y ie ld p o t e n t i a l w i t h des i rab le a g r o n o m i c
t r a i t s , a n d g o o d g r a i n q u a l i t y w i l l b e d i s t r i b u t e d
t o o u r c o o p e r a t o r s i n the S A T f o r m u l t i l o c a -
t i o n a l e v a l u a t i o n . W e w i l l a lso d i s t r i b u t e a l l the
paren ts o f these h y b r i d s t o in terested c o o p e r a t -
i n g breeders f o r use i n t he i r p r o g r a m s .
Inheritance Studies
Grain Mass and Hardness
We m a d e a d i a l l e l cross o f s ix s o r g h u m l ines
v a r y i n g i n 100-gra in mass a n d g r a i n hardness ,
a n d eva lua ted the F 1 crosses a n d paren ts d u r i n g
the 1984 p o s t r a i n y season a t I C R I S A T Cen te r
( i r r i g a t e d ) , a n d B i j a p u r ( o n res idua l so i l m o i s -
tu re ) . F o r each e n t r y , we reco rded 100-gra in
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T a b l e 2 4 . M e a n gra in yields ( k g h a
- 1
) o f selected advanced sorghum varieties eva luated
1
 a t three locat ions i n I n d i a ,
ra iny season 1 9 8 4 .
I C R I S A T C e n t e r
B h a v a n i -
sagarE n t r y Ped ig ree H F
1 LF
3
D h a r w a d M e a n
D K V 1 ( S P V 105 x C S V 1) -1-1-4-1 4 1 6 0 3790 3560 1020 3 1 3 0
D K V 73 [ ( M 35-1 x M I 0 0 9 ) - 3 - 2 - 1 x F 5 -6 ] -5 -2 -3 -1 2 9 3 0 3540 4 1 0 0 1640 3050
D K V 74 [ ( M 35-1 x M 1009)-3-2-1 x F 5 - 6 ] 5 - 2 - 3 - 2 2040 3760 4 9 1 0 1480 3 0 5 0
D K V 23 ( 2 0 7 7 B x S P V 86 ) -2 -2 -2 3600 3360 4 0 4 0 1100 3 0 2 0
D K V 43 (22 -40 x S P V 105) -6-12-1-1-1 4 1 4 0 3510 2 9 1 0 1170 2930
D K V 19 ( D H 5 3 1 - 7 7 R x E 185-2) -9 -2 -1-1-1 3410 3560 3590 1350 2 9 3 0
D K V 3 (20 -67 x SB 1067) -4 -1 -1 -1 -1 4 0 1 0 2950 3880 780 2 9 0 0
C o n t r o l s
C S H 9' 3740 4 8 6 0 4 6 5 0 1740 3 7 5 0
C S H 5 6 7 0 4 4 5 0 3160 1680 2 4 9 0
S P V 351 1720 3610 4 5 6 0 1420 2830
S E ±624 ±259 ±270 ±275
T r i a l m e a n ( g e n o t y p e s ) 2430 3120 3420 1050
C V ( % ) 45 14 14 45
1 . R B D , t w o r e p l i c a t i o n s , p l o t s izes b e t w e e n 8 a n d 1 2 m
2
.
2 . H F = H i g h f e r t i l i t y ( N 8 6 : P 5 6 : K 0 ) .
3 . L F = L o w f e r t i l i t y ( N 4 0 : P 2 0 : K 0 ) .
mass (g ) , the percentage of g ra ins f loat ing in a 
s o l u t i o n o f s o d i u m n i t r a te (1.3 s.g.), a n d mass o f
the p r o d u c t ( > 1 7 0 0 u m ) recovered a f te r p e a r l i n g
a g r a i n sample (20g) f o r 4 m i n in a T a n g e n t i a l
A b r a s i v e D e h u l l i n g D e v i c e ( T A D D ) f a b r i c a t e d
b y a n I n t e r n a t i o n a l D e v e l o p m e n t Research
C o u n c i l ( I D R C ) - f u n d e d p ro jec t a t the N a t i o n a l
Research C o u n c i l , P r a i r i e Research L a b o r a t o r y
( P R L ) , S a s k a t o o n , C a n a d a . T h e percentage o f
f l oa te rs was co r re la ted w i t h T A D D p e a r l i n g re -
cove ry ( r = - 0 . 6 4 * * ) c o n f i r m i n g o u r ear l ie r obser-
v a t i o n s us i ng a seed scar i f ie r , t h a t percentage of
f l oa te r s i s nega t i ve ly co r re l a ted w i t h p e a r l i n g
recovery a n d c a n be r e l i a b l y used to select f o r
g r a i n hardness ( I C R I S A T A n n u a l R e p o r t 1983,
p . 45 ) . A n a l y s i s o f va r i ance o f the d a t a o v e r the
t w o l oca t i ons i n d i c a t e d s ign i f i can t geno t ype x 
l o c a t i o n e f f e c t s / p a r t i c u l a r l y f o r percentage o f
floaters.
O v e r a l l heteros is f o r 100-gra in mass was s ig -
n i f i c a n t a n d pos i t i ve w h i l e heteros is f o r g r a i n
hardness as expressed by the percentage o f f l o a t -
ers a n d p e a r l i n g recove ry was n o t s i gn i f i can t .
These observa t ions c o n f i r m o u r ear l ie r f i n d i n g
t h a t average d o m i n a n c e f o r g r a i n hardness i s
p a r t i a l , a n d t h a t i t i s s i gn i f i can t l y a f fec ted by the
e n v i r o n m e n t .
Dimpled or Shrivelled Endosperm Mutants
W e s tud ied the i nhe r i t ance o f d i m p l e d o r s h r i -
ve l led e n d o s p e r m m u t a n t s o f seven s o r g h u m
access ions—norma l e n d o s p e r m , S P V 350: bas-
m a t i , K E P 472 ( I C R I S A T A n n u a l R e p o r t 1979-
80 , p.7) ; d i m p l e d , R . v a n i , M . v a n i ; S u g a r y , I S
5614 ; a n d shr ive l led h i g h l ys ine , L L 1 a n d L L 2
( F i g . 5) . T h e last t w o s o r g h u m l ines are
pho tope r i od - i nsens i t i ve der i va t i ves b r e d b y the
A l l I n d i a C o o r d i n a t e d S o r g h u m I m p r o v e m e n t
P r o g r a m ( A I C S I P ) f r o m the shr i ve l led endos -
p e r m , h igh - l ys ine (h1) E t h i o p i a n l i n e , IS 11758.
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Tab le 2 5 . M e a n gra in yield ( k g h a
- 1
) o f selected advanced varieties evaluated
1
 a t three locat ions in I n d i a , ra iny
season 1984.
I C R l S A T C e n t e r
B h a v a n i -
sagarE n t r y Ped ig ree H P L P D h a r w a d M e a n
A 4053 P C 8 3 R ( S C 108 x D i a l l e l P o l l ) - 2 - 1 - 2 - 3 - 3 6050 3940 4 5 1 0 3700 4 5 5 0
A 926 P C 8 3 R ( F L R 141 x C S V 4 ) -1 -2 -4 x I n d - S y n
-3 -3 -4 6760 3360 4 7 5 0 3200 4 5 2 0
A 904 P C 83 R l C S V 163 x [ C S V 4 x ( G . G . x 370 ) ]
-2 -1 -2 -6 6930 3290 4 6 2 0 2960 4 4 5 0
A 928 P C 83 R ( F L R 101 x I S 1082) -4-5-1 x I n d - S y n
-235-3 -2 -2 6170 3810 4650 3120 4440
A 913 P C 8 3 R l C S V 104 x (E 35-1 x R s / B 253 )
-2 -1 -1 -1 6270 3040 4630 3770 4430
A 917 P C 8 3 R ( F L R 274 x C S V 4 ) -6 -2 -1 6720 3290 4520 3150 4 4 2 0
A 908 P C 83 R I C S V 138 x [ C S V 4 x ( G . G . x 370 ) ]
-2 -1 -1 -1 -4 7380 2750 4310 2970 4 3 6 0
C o n t r o l
C S H 9 7180 4 4 6 0 5160 3820 5150
S P H 221 7170 4 5 9 0 4 2 2 0 3860 4 9 6 0
S P V 351 6080 3420 4 4 7 0 3190 4 2 9 0
S E ±192 ±275 ±395 ±461
C V (%) 6 15 16 28
1 . R B D , t h r e e r e p l i c a t i o n s , p l o t sizes b e t w e e n 7 a n d 1 2 m
2
.
2 . H F = H i g h f e r t i l i t y ( N 80 : P 5 6 : K 0 ) .
3 . L F = L o w f e r t i l i t y ( N 4 0 : P 2 0 : K . 0 ) .
Tab le 26 . M e a n gra in yield ( k g ha"
1
) of selected B lines evaluated
1
 a t three locations in I n d i a , ra iny season 1984.
H e a d e x e r s i o n I C R 1 S A T B h a v a n i -
E n t r y Ped ig ree ( c m )
2 C e n t e r D h a r w a d sagar M e a n
S P L 9 0 B F L R 141 x C S V 4-3 -3 -1 -1 12 4840 3490 5350 4560
S P L 7 9 B R s / R 21-8614-1 -1 10 5050 3680 4870 4530
S P L 160B Serere 21-8-1 -1 15 5620 2790 4870 4430
S P L 120B I n d - S y n 422 -1 2 4900 3970 3920 4260
S P L 151B D i a l l e l 346-8556-2-1 7 5280 2280 4620 4060
S P L 161B Serere E l i t e x IS 9530-2 -2 6 5560 2330 3790 3890
S P L 6 5 B R s / R 20 -682-1 -2 9 4970 3120 3490 3860
S P L 9 5 B F L R 274 x C S V 4 -6 -1 -3 -1 5 4620 2400 4500 3840
S P L 100B F L R 274 x C S V 4-6-1-3-1 7 4770 2470 3850 3690
S P L U 7 B I n d - S y n 89-2 18 5200 2040 3560 3600
C o n t r o l s
B T x 623 9 5230 3670 4670 4520
2 9 6 B 2 4860 970 4370 3400
2 2 1 9 B 15 3950 2490 3100 3180
2077 B 8 3760 460 4120 2780
S E ±1.5 ±341 ±403 ±383
C V (%) 21 10 22 14
1 . R B D , t h r e e r e p l i c a t i o n s , p l o t sizes b e t w e e n 3 a n d 6 m
2
.
2 . M e a s u r e d a t I C R I S A T C e n t e r o n l y .
46 Sorghum 
Tab le 2 7 . M e a n gra in yield ( k g h a
- 1
) o f selected
sorghum hybr ids produced f r o m recent ly-bred female
parents , M A 1 0 a n d M A 1 2 evaluated a t three loca-
t ions in I n d i a , ra iny season 1984 .
I C R I S A T Bhavani-
Pedigree Center Dharwad sagar Mean
M A 10 x M R 817 7000 6350 6410 6590
M A 10 x M R 862 7190 6670 5610 6490
M A 10 x M R 846 6720 7280 5250 6420
M A 10 x M R 803 6650 7110 4530 6100
M A 10 x M R 905 6940 7130 4180 6090
Con t ro l
C S H 9 7000 6200 6360 6520
SE ±574 ±935 ±798
C V (%) 8 14 16
M A 12 x M R 855 6970 6110 4730 5940
M A 12 x M R 846 6330 4930 4320 5190
M A 12 x M R 844 6810 5260 4150 5070
Cont ro l
C S H 5 6750 4480 3900 5040
SE ±760 ±721 ±818
CV (%) 11 13 21
T h e sugary l i ne has a h a r d , c r ys ta l l i ne , w r i n k l e d
e n d o s p e r m . Seed o f the b a s m a t i (scented) a n d
v a n i types are d i m p l e d on the side oppos i t e t o the
h i l u m a n d have sof t endosperms . Crosses
be tween the n o r m a l a n d the f o u r e n d o s p e r m
m u t a n t s s h o w e d t h a t a l l the e n d o s p e r m va r ian ts
are c o n t r o l l e d by single recessive genes. I n t e r -
crosses be tween the m u t a n t s revealed t h a t d i m -
p l i n g i n b a s m a t i a n d v a n i types i s c o n t r o l l e d by
the same recessive gene, b u t the shr ive l led endos -
pe rms o f sugary a n d h igh - l ys ine types are c o n -
t r o l l e d by d i f f e ren t recessive genes. Crosses
be tween b a s m a t i a n d v a n i types resu l ted i n
d i m p l e d endospe rms , b u t crosses be tween bas-
m a t i x h l , b a s m a t i x sugary , sugary * v a n i , sugary
x h l , a n d v a n i x h l resu l ted i n n o r m a l endos -
pe rms . A s tudy o f the F 2 a n d backc ross segrega-
t i o n p a t t e r n c o n f i r m e d t ha t e n d o s p e r m m u t a n t s
o f h l , sugary , a n d v a n i are c o n t r o l l e d b y three
d i f f e ren t recessive genes a n d t h a t the gene-
c o n t r o l l i n g d i m p l i n g o f basma t i seed i s a l le l ic to
t h a t o f v a n i .
Soluble sugar composit ion in the shrivelled
endosperm mutants. We ana lyzed the t o t a l s o l -
ub le sugars a n d the i r c o m p o s i t i o n in the seven
s o r g h u m e n d o s p e r m types i n c l u d e d i n the i nhe r -
i tance studies. T h e t o t a l sugars were es t imated a t
t w o stages o f g r a i n d e v e l o p m e n t : 22 days a f t e r
f l o w e r i n g ( D A F ) , a n d a t p h y s i o l o g i c a l m a t u r i t y
(33 t o 3 9 D A F ) . G r a i n sugar c o n t e n t 2 2 D A F
was 2 to 3 t imes h ighe r t h a n in m a t u r e g ra ins .
Percentage t o t a l sugars i n m a t u r e g r a i n showed
t h a t the L L 1 a n d L L 2 types , o f h i g h lys ine ( h l )
o r i g i n h a d the m a x i m u m q u a n t i t y (2.85 t o
3.41%) f o l l o w e d by sugary types (2 .47%) . Bas-
m a t i a n d v a n i types have i n t e r m e d i a t e sugar lev-
els ( 1 . 8%) , w h i l e the n o r m a l e n d o s p e r m t ype h a d
a re la t i ve l y l o w e r sugar c o n t e n t ( 1 .5%) . S u g a r
c o m p o s i t i o n d e t e r m i n e d b y t h i n - l a y e r c h r o m a -
t o g r a p h y a t p h y s i o l o g i c a l m a t u r i t y revealed t h a t
sucrose a n d g lucose + f ruc tose are the m a j o r
c o m p o n e n t s o f g r a i n sugars. T h e b a s m a t i a n d
v a n i g r a i n types were charac te r i zed b y re la t i ve l y
h i g h sucrose a n d l o w g lucose + f ruc tose f r a c -
t i ons . T h e sugary a n d h i g h lys ine de r i va t i ves
showed re la t i ve l y h i g h e r g lucose + f ruc tose a n d
l o w sucrose c o n t e n t i n t he i r g ra ins .
Tab le 2 8 . M e a n gra in yield ( k g / h a
- 1
) o f selected prel i -
m i n a r y s o r g h u m hybr ids produced f r o m new I C R I -
S A T male-steri le lines evaluated
1
 a t three locat ions in
I n d i a , ra iny season 1984 .
I C R I S A T Bhavani -
Pedigree Center Dharwad sagar Mean
296A x S P L 69R 7580 8020 5390 6990
ATx624 x S P L 17R 7480 7980 5300 6920
296A x S P L 70R 7660 6960 5730 6780
296A x S P L 68R 7110 8120 4330 6520
S P L 2 0 4 A x S P L 58R 6730 8510 4130 6460
S P L 117A x S P L 1 6 R 8260 6690 4180 6380
S P L 180A x S P L 28R 7300 6380 5030 6240
Controls
S P H 221 7380 6540 5410 6440
C S H 9 7470 5590 4450 5840
SE ±204 ±484 ±465
CV(%) 5 13 19
1 . R B D , t h r e e r e p l i c a t i o n s , p l o t s izes b e t w e e n 3 a n d 6 m
2
.
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Figure 5. Ind iv idua l sorghum grains showing a range
of endosperm mutat ions: a . S P V 350 , n o r m a l endos-
p e r m ; b . K E P 472 , basmat i (scented), d impled oppo-
site h i l u m , soft endosperm; c . M. van i , d impled
opposite h i l u m , soft endosperm; d . IS 5614 , Sugary ,
h a r d , crystall ine, wr ink led endosperm; e . L L 2 , high
lysine, shrivelled endosperm.
F o o d Q u a l i t y
Dehul l ing quali ty. I n several coun t r i es o f
A f r i c a and some par ts o f I n d i a , s o r g h u m i s
dehu l l ed b y the t r a d i t i o n a l m e t h o d o f p o u n d i n g
gra ins in a m o r t a r w i t h a pest le. T h e dehu l l ed
e n d o s p e r m i s f u r t h e r p o u n d e d to gr i ts a n d / o r
f ine f l o u r d e p e n d i n g o n the type o f f o o d f o r
w h i c h i t i s i n tended . T h i s ted ious a n d t i m e -
c o n s u m i n g p rocedure is essential be fo re g r a i n
can be used f o r f o o d p r e p a r a t i o n . We eva lua ted
twe lve genotypes o f d iverse o r i g i n , w i t h w h i t e
g ra ins , a n d a range of e n d o s p e r m tex tu res us ing
a T A D D . These 12 genotypes were f r o m the
I n t e r n a t i o n a l S o r g h u m F o o d Q u a l i t y T r i a l s
1983 ( I S F Q T 8 3 ) , ( I C R I S A T A n n u a l R e p o r t
1983, p p . 44-45) . Gra ins (20 g) were dehu l l ed f o r
4 m i n , a n d the recovery o f dehu l l ed gra ins
( re ta ined on 12-mesh sieve) and b rokens (passed
t h r o u g h 12-mesh sieve) were d e t e r m i n e d by
mass, and expressed as a percentage. T h e recov-
ery o f dehu l l ed gra ins ranged f r o m 66.6 t o 9 0 . 1 %
( T a b l e 29) . C u l t i v a r s E 3 5 - 1 , S P V 475 , a n d
S P H 265 gave m o r e t h a n 8 8 % recover ies, wh i l e
sof t e n d o s p e r m types l i ke P 721 a n d ET 187 gave
l o w e r recover ies.
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T a b l e 2 9 . D e t a i l i n g qual i ty o f 12 sorghum cult ivars
assessed using a TADD m i l l , I C R I S A T Center .
R e c o v e r y ( % )
1
C u l t i v a r D e h u l l e d g r a i n B r o k e n s T o t a l
E T 187 62.3« 4.3 66 .6
P 721 65 .2 1.6 66.8
E T 3491 70.0 4 .0 74.0
T e t r o n 77.0 1.1 78.1
S P H 225 78.5 2.9 81.4
S a f r a 81.9 1.5 83 .4
M 35-1 83.3 1.7 85.0
S 29 81.5 3.5 8 5 . 0
I S 12611 85.2 1.2 86.4
S P H 265 87.7 0.4 88.1
S P V 475 86.5 1.7 88 .2
E 35-1 89 .9 0.2 90.1
S E ±2.7 ±0.4 ±2.4
M e a n 79.1 2.0 81.1
1 . A l l v a l u e s a r e m e a n s o f t h r e e d e t e r m i n a t i o n s .
S o r g h u m V a r i e t y A d a p t a t i o n T r i a l s ( I S V A T 83)
a n d I n t e r n a t i o n a l S o r g h u m H y b r i d A d a p t a t i o n
T r i a l s ( I S H A T 8 3 ) were received t o o late t o b e
ana lyzed a n d repo r ted i n o u r 1983 A n n u a l
R e p o r t . T h e y are r e p o r t e d b e l o w .
International Sorghum Variety Adaptation
Trial (ISVAT 83)
I S V A T 83 cons is ted o f 24 ent r ies i n c l u d i n g a 
l o c a l c o n t r o l c o n t r i b u t e d b y the c o o p e r a t o r , a n d
3 c o n t r o l ent r ies (var ie t ies l C S V 1 a n d l C S V 2 ,
a n d h y b r i d C S H 5). I S V A T 8 3 was d i s t r i b u t e d t o
over 50 l oca t i ons in 35 coun t r i es , b u t m e a n i n g f u l
da ta was o n l y received f r o m 16 l oca t i ons in 12
coun t r i es . M e a n g r a i n y ie lds o f the m o s t p r o m i s -
i n g en t r ies i n each c o u n t r y are presented i n T a b l e
3 1 . L o c a t i o n m e a n y ie lds ranged f r o m 884 k g
ha"
1
 i n G h a n a to 5116 kg ha
- 1
 a t G o l d e n V a l l e y
Research S t a t i o n , Z a m b i a . V a r i e t y I C S V 120 I N
p r o d u c e d the h ighest m e a n g r a i n y ie lds (3838 kg
h a
- 1
) across l oca t i ons . Th ree o t h e r var ie t ies ,
D i g e s t i b i l i t y . W e ana lyzed the p r o t e i n d igest-
i b i l i t y o f s o r g h u m gra ins b y a n i n v i t r o m e t h o d
us ing the enzyme peps in . T h e d i ges t i b i l i t y s t udy
i n v o l v e d i n c u b a t i n g w h o l e - g r o u n d f l o u r a n d
c o o k e d f l o u r (pressure c o o k e d a t 5 psi f o r 20
m i n ) , w i t h the enzyme f o r 3 h at 37° C.
We tested the 12 s o r g h u m cu l t i va r s f r o m
I S F Q T 8 3 , f o r i n v i t r o p r o t e i n d i ges t i b i l i t y o f
t he i r u n c o o k e d f l o u r ; the scores ranged f r o m 79
t o 8 4 % ( T a b l e 30) . W h o l e - g r o u n d f l o u r was
c o o k e d i n w a t e r (1:10 r a t i o ) w h i c h resu l ted i n i ts
g e l a t i n i z a t i o n . T h e i n v i t r o p r o t e i n d i g e s t i b i l i t y
o f c o o k e d f l o u r was l o w e r ( range 6 9 t o 77%) t h a n
u n c o o k e d f l o u r ( range 7 to 8%) . F u r t h e r s tudies
are needed to d e t e r m i n e the reason f o r the
observed l o w e r d i ges t i b i l i t y o n c o o k i n g .
I n t e r n a t i o n a l Tes t ing
O u r c o o p e r a t i v e ac t i v i t i es w i t h n a t i o n a l p r o -
g rams i nvo l ves e v a l u a t i n g i n t e r n a t i o n a l a d a p t a -
t i o n t r ia ls a n d d i s t r i b u t i n g i m p r o v e d b r e e d i n g
l ines. D a t a f r o m o u r 1983 I n t e r n a t i o n a l
T a b l e 3 0 . In v i t ro prote in digestibil i ty (%) o f
uncooked a n d cooked sorghum f lour for 12 cult ivars
assessed using pepsin, I C R I S A T Center .
I n v i t r o p r o t e i n
P r o t e i n
(%)
d i g e s t i b i l i t y (%)
C u l t i v a r u n c o o k e d c o o k e d
S P H 475 9.3
1
82 69
I S 12611 10.8 83 70
T e t r o n 12.8 79 72
E T 3491 11.5 84 72
S 29 12.4 84 72
E T 187 12.4 79 73
S P H 265 10.5 82 74
S P H 225 10.5 82 74
P 721 13.3 79 75
E 35-1 10.8 82 75
S a f r a 9.8 84 75
M 35-1 9.7 79 77
S E ±0.1 ±2.6 ±3 .2
M e a n 11.2 82 73
1 . A l l v a l u e s a r e m e a n s o f t w o d e t e r m i n a t i o n s .
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Tab le 3 1 . M e a n gra in yields ( k g h a
- 1
) o f top-y ie ld ing entries i n In te rna t iona l S o r g h u m Var ie ty A d a p t a t i o n T r i a l
1
( I S V A T 8 3 ) , 1983 .
P a k i - T h a i - P h i l i p - Y e m e n E l S a l - G u a t e - V e n e - A r g e n - H o n -
I n d i a s t a n l a n d p ines G h a n a A R Z a m b i a v a d o r m a l a zue la t i n a d u r a s O v e r a l l
E n t r y (4 )
2
(1 ) (1 ) (1 ) (1 ) ( 1 ) ( 2 ) ( 1 ) ( 1 ) ( 1 ) CD (1 ) M e a n
I C S V 120 I N 2500 1480 4330 2570 1230 3400 6920 5040 3510 5800 4740 4480 3840
l C S V 151 I N 2730 1920 4590 2880 930 3600 5610 4290 3390 6190 4800 3950 3670
I C S V 126 I N 2230 1130 6470 4090 450 3470 6360 5250 4120 3550 1250 5490 3550
I C S V 138 I N 2160 1270 8580 4290 760 3360 5640 3200 2840 5240 4720 2480 3540
I C S V 148 I N 1780 1770 6070 3210 1080 3660 5500 3740 3310 5720 4590 3700 3470
I C S V 155 I N 2460 1610 6620 2250 1030 3660 5360 3870 3570 5400 3670 3750 3420
I C S V 133 I N 2540 1610 4850 1360 1290 2520 6890 3740 3390 5110 540 2580 3180
I C S V 149 I N 2520 1600 3510 1300 1320 3370 5560 4510 3500 5730 890 2790 3110
I C S V 114 I N 3110 950 3740 2540 1200 2000 4420 3630 1670 5460 4190 2470 3070
I C S V 156 I N 2280 1660 3850 2280 850 2600 4750 3910 2400 4710 3860 3960 3040
I C S V 157 I N 2030 1250 4990 1870 810 2130 5330 1940 3770 4620 3300 4420 2990
I C S V 150 I N 1900 1250 3810 880 830 3830 5390 4340 3180 5460 1490 3380 2930
I C S V 137 I N 2330 970 3920 2710 430 2670 4640 1750 2580 1450 4120 2650 2620
I C S V 153 I N 1890 2080 4030 1610 350 3100 3440 1590 2720 2550 3030 1450 2310
I C S V 146 I N 2580 2470 2260 1070 650 1600 2470 2440 3640 3610 650 890 2240
C o n t r o l s
I C S V 2 2420 1640 7470 2030 870 2730 6195 4900 3230 5470 3370 3760 3600
I C S V 1 2650 1670 4140 3460 970 2630 4220 5220 3960 5850 4920 3600 3470
C S H 5 2250 1210 4640 430 1750 2330 5560 4490 4820 5590 4560 3560 3220
S E 3 ±133 ±749 ±386 ±119 ±212 4 ±424 ±466 ±384 ±427 ±358
C V ( % ) 14 29 31 23 13 21 27 15 23 20
1. R B D , three repl icat ions, p lo t sizes between 8 a n d 12 m
2
.
2 . F igures in parentheses indicate n u m b e r of locat ions .
S E range C V ( % ) range
3 . I n d i a ± 1 7 0 - 8 5 6 5 - 3 1
4 . Z a m b i a ±261 - 2 8 0 2 5 - 4 5
I C S V 151 I N , I C S V 126 I N , a n d I C S V 138 I N
were a m o n g the t o p y ie lders a t m o s t l oca t i ons .
International Sorghum Hybrid Adaptation
Trial (ISHAT 83)
T h e I S H A T 8 3 consis ted o f 2 4 ent r ies i n c l u d i n g
a l o c a l h y b r i d c o n t r o l c o n t r i b u t e d by the coope r -
a t o r a n d 2 I C R I S A T c o n t r o l h y b r i d s , C S H 5 
a n d C S H 9 . I S H A T 8 3 was d i s t r i b u t e d t o over 2 5
loca t i ons i n 2 0 coun t r i es o f s o u t h As ia a n d L a t i n
A m e r i c a , b u t usefu l da ta was received f r o m o n l y
12 l oca t i ons in 7 coun t r i es . M e a n g r a i n y ie lds o f
the m o s t p r o m i s i n g ent r ies i n each c o u n t r y are
presented i n T a b l e 32. L o c a t i o n mean g r a i n
y ie lds ranged f r o m 1081 kg h a
- 1
 a t I s l a m a b a d ,
P a k i s t a n , to 6793 kg ha
- 1
 i n Venezue la . H y b r i d
I C S H 151 I N p r o d u c e d the h ighest m e a n g r a i n
y ie lds (4193 kg ha"
1
) across a l l l oca t i ons . H y b r i d
I C S H 110 I N was the t o p y ie lder i n E l S a l v a d o r
a n d H o n d u r a s , I C S H 145 I N i n I n d i a , I C S H 133
I N i n P a k i s t a n , I C S H 142 I N i n P h i l i p p i n e s , a n d
I C S H 148 I N i n Venezue la .
Contribution to National Programs
I n I n d i a , I C R l S A T - b r e d v a r i e t y I C S V I 
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( S P V 351) was f o r m a l l y released by the C e n t r a l
S u b c o m m i t t e e o n C r o p S t a n d a r d s , N o t i f i c a t i o n ,
a n d Release o f Var ie t ies f o r c u l t i v a t i o n i n a l l
areas where ra iny-season s o r g h u m is g r o w n
u n d e r the name o f C S V 1 1 . T w o o t h e r
I C R I S A T - b r e d cu l t i va re , I C S V 2 ( S P V 386) a n d
S P H 2 2 1 , were eva lua ted i n the A l l I n d i a K h a r i f
M i n i k i t T r i a l s , w h i l e I C S V 112 I N ( S P V 475)
was n o m i n a t e d f o r 1985 K h a r i f M i n i k i t T r i a l s i n
f a r m e r s ' f ie lds t h r o u g h o u t I n d i a . S A R 1 , a 
Striga asiatica-resistant va r i e t y was eva lua ted
i n m i n i k i t t r i a l s o n S t r iga - in fes ted f a r m e r s ' f ie lds
i n M a h a r a s h t r a , A n d h r a P r a d e s h , a n d K a r n a t -
a k a states i n I n d i a .
I n G u a t e m a l a , I C R I S A T - b r e d s o r g h u m v a -
r iet ies M 90975 a n d M 91057 were eva lua ted
w i t h g o o d resu l ts , a n d released as I C T A - C 25
a n d I C T A - C 21
I C R I S A T - b r e d s o r g h u m var ie t ies were tested
i n v a r i o u s n a t i o n a l m u l t i l o c a t i o n a l t r i a l s i n
m a n y coun t r i es i n A f r i c a a n d the A m e r i c a s .
S o m e of these are S 34 a n d S 35 in N i g e r i a a n d
C a m e r o o n , S E P O N 80-1 i n the Y e m e n A r a b
R e p u b l i c , a n d M 62641 i n H a i t i . I n I n d i a , n ine
var ie t ies a n d s ix h y b r i d s were eva lua ted i n the
A I C S I P ' s r a i n y a n d p o s t r a i n y season t r i a l s .
W e a lso p r o v i d e d seeds o f o u r i m p r o v e d
b reed ing ma te r ia l s t o o u r c o o p e r a t o r s t h r o u g h -
o u t t he S A T i n the f o r m o f nurser ies a n d i n
response to seed requests. In 1984, we supp l i ed a 
t o t a l o f 12800 samples t o o u r c o o p e r a t o r s
w o r l d w i d e .
T a b l e 3 2 . M e a n gra in yields ( k g h a
- 1
) o f top-y ie ld ing hybr ids i n I n t e r n a t i o n a l S o r g h u m H y b r i d A d a p t a t i o n T r i a l
1
( I S H A T 8 3 ) , 1983 .
I n d i a P a k i s t a n T h a i l a n d P h i l i p p i n e s E l S a l v a d o r Venezue la H o n d u r a s O v e r a l l
E n t r y (5 )
2
(2 ) (1 ) (1 ) (1 ) (1 ) ( 1 ) M e a n
I C S H 151 I N 3650 1910 3070 6360 6100 7610 5120 4190
I C S H 137 I N 3820 2300 2840 5330 6250 5800 4060 4000
I C S H 134 I N 3320 1260 3820 5690 5870 7550 4850 3910
I C S H 133 I N 3380 2480 2840 4 6 2 0 6040 7010 4370 3900
I C S H 110 I N 3000 1340 4220 3910 7550 7500 5580 3870
I C S H 120 I N 3420 1530 4180 3870 5580 6840 5460 3840
I C S H 138 I N 2720 1480 3330 6000 6630 7580 5460 3750
I C S H 152 I N 3070 1780 2840 6000 5640 7520 4650 3800
I C S H 102 I N 3140 2110 2710 6220 5420 7020 3940 3770
I C S H 145 I N 3940 1040 2980 4490 6380 4670 4520 3730
I C S H 150 I N 2960 1720 1870 5780 6080 7050 5000 3670
I C S H 148 I N 2880 1710 2530 3690 6630 7880 5400 3660
I C S H 142 I N 3160 1060 2600 8000 5610 5250 4730 3640
I C S H 153 I N 3100 1570 2270 5560 6960 6290 4810 3620
C o n t r o l s
C S H 9 3460 1420 3330 5200 7100 7020 4330 3930
C S H 5 2790 780 4440 1020 5880 4950 3650 2950
S E 3 4 ±744 ±875 ±600 ±374 ±404
C V (%) 42 30 17 10 15
1 . R B D , p l o t sizes f r o m 3.6 t o 6 m
2
.
2 . F i g u r e s i n p a r e n t h e s e s i n d i c a t e n u m b e r o f l o c a t i o n s .
S E r a n g e C V ( % ) r a n g e
3 . I n d i a ± 1 7 0 - 8 5 6 5 - 3 1
4 . P a k i s t a n ± 2 6 1 - 2 8 0 2 5 - 4 5
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Screening. W e c o n d u c t e d t h i r t een t r ia l s t o
screen s o r g h u m cu l t i va rs f o r resistance to Striga 
hermonthica d u r i n g 1984 at three loca t ions in
B u r k i n a Faso: F a r a k o - B a , K a m b o i n s e , a n d
Y a k o ( T a b l e 33) . T h e t r ia ls a t K a m b o i n s e a n d
Y a k o fa i led because o f the severe d r o u g h t . H o w -
ever, the K a m b o i n s e t r ia ls d i d p r o v i d e va luab le
i n f o r m a t i o n on seedl ing es tab l i shment (see f o o t -
no te 3 , T a b l e 33) . O n e t r i a l each o f the I n t e r n a -
t i o n a l S o r g h u m Striga N u r s e r y ( I S S N ) a n d o f
l a t e - m a t u r i n g pho tosens i t i ve cu l t i va rs c o n -
duc ted on f a rmers ' f ie lds i n F a r a k o - B a gave ve ry
usefu l resul ts .
I S S N consis ted o f seven w h i t e - g r a i n d e r i v a -
t ives f r o m crosses i n v o l v i n g F r a m i d a , a h i g h l y
St r iga- res is tan t , b r o w n - g r a i n s o r g h u m , a l o n g
w i t h f o u r s tanda rd cu l t i va rs . Resistance t o
Striga was c o n v i n c i n g l y demons t ra ted in th is
year 's checke rboa rd l a y o u t . A few o f the d e r i v a -
t ives, n o t a b l y I C S V 1007 H V , 1010 H V , 1006
H V , a n d 1005 H V exh ib i t ed resistance levels
c o m p a r a b l e t o F r a m i d a . I n a d d i t i o n t o resist-
ance to Striga, I C S V 1006 HV ( F i g . 6 ) was a lso
c o m p a r a b l e t o F r a m i d a f o r g r a i n y i e l d , seedl ing
es tab l i shment (%), a n d days t o f l o w e r i n g ( D F ) .
I C S V 1002 H V , n o w i n p re -ex tens ion t r i a l s ,
e x h i b i t e d a m o d e r a t e level of resistance.
E x t r e m e l y h i g h levels o f resistance ( < 10% o f
suscept ib le c u l t i v a r CK 60 B ) were d e m o n s t r a t e d
by some l o c a l l y - g r o w n cu l t i va rs such as IS 6961
( S u d a n ) , C V S 122 ( B u r k i n a Faso) , a n d Segue-
tana 5153 ( M a l i ) , 'Seguetana ' i s the l oca l t e r m
used by fa rmers f o r St r iga- res is tant cu l t i va rs .
Seguetana 5153 c o m p a r e d we l l w i t h F r a m i d a f o r
g r a i n y ie ld a n d seedl ing es tab l i shment . A l l the
Table 3 3 . Striga react ion , gra in yield ( k g h a
- 1
) , a n d days to f lower ing ( D F ) o f some whi te-gra in sorghum selections
f r o m F r a m i d a crosses evaluated in Striga-sick p lo t
1
, F a r a k o - B a , ra iny season 1984.
G r a i n y i e l d Es tab l i sh -
E n t r y Ped ig ree Striga
2 ( k g h a
- 1
) D F m e n t (%)
3
I C S V 1001 H V F r a m i d a 50 (7 .1 ) 2840 71 86
I C S V 1 H V E 35-1 3 2 9 ( 1 8 . 1 ) 1560 79 45
I C S V 1012 H V T e t r o n A 114 (10 .7 ) 2240 79 70
I C S V 1007 H V 148 x F r a m i d a 63 (7 .9 ) 1810 60 60
I C S V 1010 H V (146 x CS 3541) -27 x F r a m i d a -7-1 33 (5 .7 ) 1380 79 38
I C S V 1006 H V (146 x CS 3541) -6 x F r a m i d a - 3 - 1 66 (8 .1 ) 2560 70 80
I C S V 1005 H V ( F r a m i d a x S P V 105)-2-3-1 86 (9 .2 ) 1780 65 64
I C S V 1009 H V ( F r a m i d a x S P V 329) -2 -1 110 (10 .5 ) 1760 66 7
I C S V 1008 H V ( F r a m i d a x S P V 105)-2-2-1 154 (12 .4 ) 1850 66 73
I C S V 1002 H V ( F r a m i d a x E 35-1 ) -4 -2 173 (13 .1 ) 1760 78 39
F a r a k o - B a l o c a l G n o f i n g 2 3 6 ( 1 5 . 3 ) 1080 90 60
C o n t r o l
CK 60 B ( suscep t i b le ) 332
4
- -
S E ± (1 .9 ) ±303 ±1 .4
C V (%) 32 4
1 . C h e c k e r b o a r d l a y o u t , p l o t s ize 6 m
2
.
2 . M e a n n u m b e r o f e m e r g e d Striga p l a n t s p l o t
- 1
. F i g u r e s i n p a r e n t h e s e s a r e s q u a r e r o o t t r a n s f o r m e d v a l u e s .
3 . N u m b e r o f h i l l s w i t h a t l eas t o n e l i v e p l a n t 2 w e e k s a f t e r s o w i n g a s p e r c e n t a g e o f t o t a l h i l l s s o w n i n K a m b o i n s e .
4 . E m e r g e d Striga/ 6 m
- 2
 a v e r a g e d o v e r 108 p l o t s i n t h e c h e c k e r b o a r d l a y o u t
Integrated Striga Management
Burkina Faso
I n t e r n a t i o n a l C o o p e r a t i o n
West Afr ica
52 Sorghum 
Figure 6. S o r g h u m variety I C S V 1006 HV that has resistance to Striga hermonthica, compared to susceptible
cult ivar CK 6013 growing on either side in Striga-sick farmer's f ie ld , F a r a k o B a , Burk ina Faso, rainy season 1984.
th ree cu l t i va rs are l a t e - m a t u r i n g a n d t a l l , w i t h
undes i rab le g r a i n q u a l i t y character is t ics w h i c h
are n o w be ing i m p r o v e d i n o u r b reed ing
p r o g r a m .
Inheritance of resistance. We invest iga ted the
resistance of s o r g h u m cu l t i va rs N 13 and IS 9830
to Striga hermonthica us ing gene ra t i on m e a n
analys is (P 1 , P2 , F 1 , F 2 , B C 1 , a n d BC 2 ) in po ts
infested w i t h Striga d u r i n g the s u m m e r season.
Resistance in b o t h these cu l t i va rs was p a r t i a l l y
d o m i n a n t over suscept ib i l i t y o f BT x 623 i n F 1 .
T h e segregat ion p a t t e r n i n the F 2 a n d backcross
genera t ions suggested the i n v o l v e m e n t of a s in -
gle gene. T h e segregat ion ra t i os , howeve r , were
n o t d iscrete because o f the l o w h e r i t a b i l i t y o f th is
charac ter . T h i s suggests t h a t i t w i l l be d i f f i c u l t t o
select i n d i v i d u a l p lan ts i n F 2 , b u t se lect ion f o r
such l o w her i tab le characters based on F 3 p r o -
geny tes t ing in Striga-sick p lo ts may be feasible.
Researcher-managed on- farm trials. A few of
the cu l t i va rs selected fo r Striga resistance and
h igher y ie ld are tested each year in researcher-
managed t r ia ls i n f a rmers ' f i e lds i n f o u r v i l lages,
t w o each i n the regions o f B o r o m o ( K o h o and
Sayero) and Y a k o ( K o l b i l a and O u o n o n ) i n
c o o p e r a t i o n w i t h o u r E c o n o m i c s P r o g r a m . I n
1984 we selected one f ie ld in each v i l lage a n d
tested n ine cu l t i va rs i n c l u d i n g one loca l c o n t r o l
in a sp l i t -sp l i t p l o t design a t t w o m a n a g e m e n t
levels ( i m p r o v e d , 100 kg N 1 5 : P 2 3 : K 1 4 + 50 kg
urea ha
- 1
 a n d p l o w i n g ; t r a d i t i o n a l , no p l o w i n g
and no fe r t i l i ze r ) as m a i n p lo t s , t w o dates o f
s o w i n g 18 days a p a r t , as sub p l o t s , a n d cu l t i va rs
as sub-sub p lo t s . T h e t r i a l was rep l i ca ted tw i ce in
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Tab le 3 4 . G r a i n yield ( k g h a
- 1
) , seedling emergence ( % ) , a n d days t o f l o w e r i n g ( D F ) o f nine sorghum cul t ivars, a n d
the effects o f management systems
1
 and sowing date ( D S 1 a n d DS 2 ) in three villages o f B u r k i n a F a s o , ra iny season
1984.
K o h o S a y e r o K o l b i l a O v e r a l l m e a n
T r e a t m e n t s
G r a i n
y i e l d
( k g h a
- 1
)
S e e d l i n g
emergence
(%)
D F
G r a i n
y i e l d
( k g ha
- 1
)
S e e d l i n g
emergence
G r a i n
y i e l d
( k g h a
- 1
)
S e e d l i n g
emergence
(%)
G r a i n
y i e l d
( k g h a
- 1
)
S e e d l i n g
emergence
(%)D S 1 D S 2 
M a n a g e m e n t sys tem
I m p r o v e d 1680 71 88 77 290 65 400 70 789 69
T r a d i t i o n a l 730 75 98 86 70 80 30 60 279 72
S o w i n g da tes
D S 1 1290 60 - - 290 75 280 60 619 65
D S 2 1120 65 - - 70 70 160 70 449 75
C u l t i v a r s
l C S V 1011 H V 1410 57 94 84 150 48 140 38 590 48
I C S V 1010 H V 950 55 103 88 30 50 180 48 386 51
l C S V 1015 H V 1000 70 98 83 210 67 190 61 4 6 6 66
I C S V 1006 H V 1080 86 95 78 260 9 2 290 87 543 88
I C S V 1002 H V 1570 84 90 78 190 80 210 64 656 76
I C S V 1014 H V 1600 76 80 77 220 79 290 72 703 79
I C S V 1012 HV
2 - - - - 340 88 280 7 0 310 79
I C S V 1016 H V 1120 63 91 86 4 0 54 140 5 2 435 56
L o c a l 9 3 0 86 97 8 2 160 93 170 88 4 2 0 89
S E ±60 ±8.6 ±41 ±9 ±21 ±6 .3
1 . P l o t s ize 8 m
2
.
2 . Because o f p l a n t i n g e r r o r t h i s c u l t i v a r w a s e l i m i n a t e d f r o m t h e a n a l y s i s o f d a t a f r o m K o h o v i l l a g e .
each v i l l age . T h e ob ject ives o f th is t r i a l were t o
select cu l t i va rs w i t h : h i g h a n d stable g r a i n y ie lds
i.e., those p r o d u c i n g m o r e t h a n l o c a l cu l t i va rs
u n d e r b o t h m a n a g e m e n t levels; g o o d seedl ing
emergence especia l ly u n d e r t r a d i t i o n a l m a n a g e -
m e n t ; f l ower ing s tab i l i t y i.e., the t ype o f manage -
m e n t s h o u l d n o t u n r e a s o n a b l y de lay f l o w e r i n g
i n test cu l t i va rs c o m p a r e d t o l o c a l ones. T h e t r i a l
was a lso des igned to select pho tosens i t i ve c u l t i v -
ars. Th i s we d e t e r m i n e d by r e c o r d i n g the
n u m b e r o f days t o f l o w e r i n g a f te r the t w o s o w i n g
dates.
D u r i n g 1984 the t r ia ls i n a l l the f o u r v i l lages
suf fered severe d r o u g h t . T h e t r i a l i n O u o n o n
v i l lage fa i l ed t o p r o d u c e g r a i n . T h e d a t a o n g r a i n
y ie ld a n d seedl ing emergence f r o m the o the r
three v i l lages are presented in T a b l e 34 , t oge the r
w i t h days t o f l o w e r i n g f r o m K o h o v i l l age . I n a l l
th ree v i l lages analys is o f g r a i n y ie ld da ta
revealed h i g h l y s ign i f i can t d i f ferences be tween
m a n a g e m e n t levels a n d dates o f s o w i n g . See-
d l i n g emergence was h igher u n d e r t r a d i t i o n a l
m a n a g e m e n t i n K o h o a n d Sayero because i n t h e
p l o w e d p lo t s the so i l d r i e d a f te r s o w i n g d u r i n g
the d r o u g h t . Seed l ing emergence a f te r the f i r s t
s o w i n g da te was adversely a f fec ted a t K o h o a n d
K o l b i l a because o f p o o r ra ins a f te r s o w i n g , b u t
a t Saye ro , g o o d ra ins f o l l o w e d the f i r s t s o w i n g
date a n d resul ted i n h igher emergence. C u l t i v a r
d i f ferences i n emergence were s ign i f i can t i n
Sayero a n d K o l b i l a . T h e i n f o r m a t i o n o n days t o
f l o w e r i n g f r o m K o h o ind ica te t h a t a l l the c u l t i v -
ars except I C S V 1014 H V a n d I C S V 1016 H V
are comp le te l y , o r p a r t i a l l y pho tosens i t i ve .
These cu l t i va rs f lowered ear l ie r a f te r the 2 n d
s o w i n g da te , as d i d the l oca l cu l t i va r .
T h e h ighest overa l l g r a i n y ie lds were p r o d u c e d
b y I C S V 1014 H V (703 k g ha
- 1
) a n d I C S V 1002
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H V (656 k g ha
- 1
) ; these were f o l l o w e d b y I C S V
1011 HV (590 kg ha
- 1
) a n d I C S V 1006 HV (543
kg ha
- 1
) - Seed l ing emergence is a very i m p o r t a n t
fac to r i n West A f r i c a n c o n d i t i o n s , and i n o u r
t r ia ls I C S V 1006 H V , w i t h 8 8 % emergence was
a lmos t the same as the l oca l var ie t ies (89%) .
O t h e r var iet ies w i t h the benef ic ia l t r a i t were
I C S V 1012 H V , 1002 H V , and 1014 H V . I C S V
1006 HV is also m o r e pho tosens i t i ve t h a n the
loca l va r ie t y f o l l o w e d by I C S V 1010 H V , 1015
H V , a n d 1002 H V . T r a d i t i o n a l managemen t
o n l y de layed f l o w e r i n g by 4 days in I C S V 1011
H V , a n d by 6 days in I C S V 1002 HV and the
loca l va r ie t y w h e n c o m p a r e d t o f l o w e r i n g u n d e r
i m p r o v e d managemen t c o n d i t i o n s .
O n - f a r m testing. T w o s o r g h u m var iet ies I C S V
1001 HV and I C S V 1002 HV ( F i g . 7 ) c o n t i n u e d
to be tested by va r ious research a n d p re -
ex tens ion agencies i n B u r k i n a Faso, C a m e r o o n ,
M a l i , N ige r , and T o g o . B o t h var iet ies are be ing
m u l t i p l i e d i n B u r k i n a Faso . I C S V 1001 H V was
also m u l t i p l i e d in T o g o on 11 ha d u r i n g 1984.
I C S V 1002 H V c o n t i n u e d t o d e m o n s t r a t e its
y ie ld s tab i l i t y despi te the d r o u g h t i n B u r k i n a
Faso . In a p re -ex tens ion t r i a l a t the F a r a k o - B a
research s ta t i on i t p roduced 3600 kg h a
- 1
 c o m -
pared to 1600 kg ha
- 1
 f o r the loca l c u l t i v a r in a 
t r i a l c o m p a r i n g a n i m a l and m a n u a l cu l t i va t i ons .
U n d e r the la t te r system i t a lso ou t y ie lded the
loca l c u l t i v a r by 2500 kg ha
- 1
 c o m p a r e d to 1360
kg ha
- 1
. I n th is t r i a l I C S V 1002 HV f l owe red 20
days ear l ier t h a n the loca l c u l t i v a r and resisted
g r a i n wea the r i ng . I C S V 1002 HV also d i d we l l i n
the eastern O r g a n i s m Reg iona l de D e v e l o p m e n t
( O R D ) w h e n tested b y n a t i o n a l p re -ex tens ion
agencies in f a rme rs ' f ie lds. On average i t p r o -
duced 930 kg ha
- 1
 c o m p a r e d to 330 kg ha-
-1
 f o r
Figure 7 . Farmers inspecting sorghum variety I C S V 1002 HV on a Farmers ' D a y a t K a m b o i n s e , in M a y . Th is
variety in a pre-extension t r ia l at F a r a k o Ba yielded twice as much as the local cont ro l , rainy season 1984.
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the l oca l cu l t i va r . F a r m e r s l i k e th i s c u l t i v a r
because n o t o n l y does i t have stable y ie lds b u t
a lso g r a i n a n d f o d d e r qua l i t i es su i tab le f o r t he i r
c o n d i t i o n s . T h e eastern O R D has p lans t o m u l -
t i p l y the seed d u r i n g the 1985 r a i n y season.
Temperature Effects on Striga Emergence
I n o u r 1982/83 p o t expe r imen ts we observed
t h a t s o r g h u m p lan ted i n N o v e m b e r was n o t
a t t acked by Striga hermonthica even t h o u g h i t
h a d f l o w e r e d a n d m a t u r e d . W h e n the s o r g h u m
was r a t o o n e d there was heavy emergence o f
Striga i n A p r i l / M a y . We fe l t t h a t t e m p e r a t u r e
( l o w i n D e c - J a n , a n d h i g h i n M a r c h - M a y ) m a y
there fo re be an i m p o r t a n t f ac to r in Striga emer -
gence. Subsequen t l y , we des igned a p o t e x p e r i -
m e n t w i t h m o n t h l y p lan t i ngs r o u n d the year t o
de te rm ine : the seasonal Striga emergence p a t t -
e r n ; ef fect o f t empe ra tu re a n d c u l t i v a r d i f f e r e n -
ces on seasonal emergence p a t t e r n , a n d f r o m th is
the best date t o sow s o r g h u m to co inc ide w i t h the
highest emergence o f Striga, t hus a l l o w i n g re l ia -
b le screening.
T h e resul ts f o r days to f i r s t emergence, days to
m a x i m u m emergence, days t o f l o w e r i n g , a n d
m a x i m u m n u m b e r o f emerged Striga i n r e l a t i o n
to s o w i n g da te , are s h o w n i n F i g u r e 8 . O u r
e x p e r i m e n t showed tha t the f i r s t emergence o f
Striga above the so i l sur face was s i gn i f i can t l y
de layed b y s o w i n g i n D e c e m b e r a n d J a n u a r y ,
w h e n a i r a n d so i l t empera tu res were a t the i r
lowest . I t a lso t o o k the m o s t days f o r m a x i m u m
Striga emergence in the w i n t e r - s o w n c r o p . T h e
highest a n d fastest Striga emergence occu r red in
the s u m m e r - s o w n c r o p ( A p r i l a n d M a y ) . T h e
a b o v e - g r o u n d Striga emergence co r responded
t o a m i n i m u m a i r t empe ra tu re o f a p p r o x i m a t e l y
22° C , i r respect ive o f s o w i n g date .
Breeding
T h e s o r g h u m b reed ing p r o g r a m loca ted a t K a m -
bo ins£ Research S t a t i o n i s an i n t eg ra l c o m p o -
nen t o f I C R I S A T ' s r eg iona l s o r g h u m n e t w o r k i n
Wes t A f r i c a , a n d i s o r ien ted to deve lop a n d i d e n -
t i f y e l i te genotypes f o r the n a t i o n a l p r o g r a m ,
a n d s im i l a r eco log ica l zones o f Wes t A f r i c a . Past
research results have ind ica ted tha t m a n y e l i te
i n t r o d u c t i o n s have bet ter y ie ld p o t e n t i a l b u t
they l ack the robus t seedl ing t ra i t s , d r o u g h t t o l -
erance, and g r a i n q u a l i t y o f loca l var ie t ies. L o c a l
var ie t ies , i n t u r n , have re la t i ve ly p o o r y ie lds
unde r i m p r o v e d managemen t pract ices. W h i l e i t
is re la t i ve ly easy to deve lop new genotypes , t he i r
e v a l u a t i o n unde r ra in fed c o n d i t i o n s has been
d i f f i c u l t because o f the u n p r e d i c t a b i l i t y o f the
c l i m a t e , a n d the associated effects o f pest a n d
disease inc idence. T h e r a i n f a l l a t K a m b o i n s e was
precar ious in 1984 a n d no usefu l resul ts c o u l d be
o b t a i n e d f r o m o u r expe r imen ts . T h e d r o u g h t
was n o t so severe a t o the r loca t ions b u t occu r red
i n v a r y i n g in tensi t ies t h r o u g h o u t the r e g i o n .
Elite progeny evaluat ion. We eva lua ted e igh t
l o n g - d u r a t i o n el i te F 7 select ions f r o m o u r p e d i -
gree b reed ing p r o g r a m , us ing a l oca l va r i e t y as
c o n t r o l i n rep l i ca ted expe r imen ts a t seven l o c a -
t i ons . W e o b t a i n e d use fu l da ta f r o m f o u r l o c a -
t i ons . Pe r t i nen t results f o r the f o u r m o s t
Figure 8. Emergence and f lower ing behavior of Striga 
hermonthica, B u r k i n a Faso , 1984.
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p r o m i s i n g ent r ies are presented i n T a b l e 35 . A t
one l o c a t i o n ( K o h o ) the t r i a l was a lso c o n d u c t e d
i n t w o rep l i ca t i ons , w i t h a n d w i t h o u t so i l m a n -
agement a n d fe r t i l i ze r i n p u t s . I C S V 2 2 H V h a d
1 2 % a n d I C S V 2 3 H V 14% y ie ld advantages ove r
the l o c a l va r i e t y ; b u t I C S V 1 9 H V a n d I C S V 2 4
H V were o n l y m a r g i n a l l y bet te r .
We tested a s i m i l a r n u m b e r o f el i te l ines
de r i ved f r o m F 6 a n d F 7 genera t ions i n rep l i ca ted
expe r imen t s a t seven loca t ions . D a t a f r o m f o u r
loca t ions o f o u r m e d i u m - d u r a t i o n t r i a l a n d f r o m
t w o loca t i ons f o r the s h o r t - d u r a t i o n t r i a l were
use fu l , a n d the character is t ics o f t he m o s t p r o m -
i s i ng ent r ies a re p resented in Tab les 36 a n d 37.
F o r these t w o m a t u r i t y d u r a t i o n s , I C S V 1002
H V , 16 H V , 14 H V , 15 H V , 7 H V , 8 H V , a n d 6 
H V showed p r o m i s e . I C S V 1002 H V , o r i g i n a t -
i n g f r o m the Str iga-res is tance b reed ing p ro jec t ,
had the h ighest average y i e l d . A l l these entr ies
w i l l be f u r t h e r tested d u r i n g 1985.
Backcross p rogen ies . We v i sua l l y selected 316
panic les f r o m the F 4 gene ra t i on o f 350 backcross
fami l i es f r o m F 2 BC 1 F 4 gene ra t i on . Seed f r o m
these panic les was s o w n in the o f f -season nu rse ry
unde r i r r i g a t i o n . T h e harvested F 2 BC 1 F 6 gener-
a t i o n progen ies w i l l be eva lua ted in a p r e l i m i -
n a r y y ie ld t r i a l d u r i n g the 1985 r a i n y season.
T a b l e 3 5 . G r a i n yield ( k g h a
- 1
) p lant height ( c m ) , days to f lower ing ( O F ) , a n d seedling v i g o r ( S V ) o f a few selected
l o n g - d u r a t i o n sorghum cult ivars, four locat ions, B u r k i n a F a s o , ra iny season 1984.
G r a i n y i e l d ( k g h a
- 1
)
P l a n t
he igh t
( c m )C u l t i v a r Ped ig ree S A
1 FB
1
K H
1
CB
1
M e a n DF S V
I C S V 2 2 H V 9 2 6 * 1 0 8 9 2480 2760 1810 2280 2330 205 75 2.1
I C S V 2 3 H V C S V 4 x S o r . B 2000 2180 1380 2320 1970 240 85 1.9
I C S V 1 9 H V N E S 1077 x 1009 2160 1550 1490 2640 1960 225 85 1.5
I C S V 2 4 H V C S V 4 x S o r . B 780 2800 1560 2480 1900 215 85 2.3
C o n t r o l
L o c a l v a r i e t y 1030 2110 1390 1760 1570 395 95 2.4
S E ±723 ±493 ±282 ±294
C V ( % ) 4 4 25 20 13
1 . S A = S a r i a , F B = F a r a k o - B S , K H = K o h o , C B = C o n t u b u e l . P l o t s ize 8 m
2
.
T a b l e 3 6 . G r a i n yield ( k g h a
- 1
) , p lant height ( c m ) , days t o f lower ing ( D F ) , a n d seedling vigor ( S V ) o f some selected
m e d i u m - d u r a t i o n sorghum cul t ivars , f o u r locat ions, B u r k i n a F a s o , ra iny season 1984 .
G r a i n y i e l d ( k g h a
- 1
)
P l a n t
h e i g h t
( c m )C u l t i v a r Ped ig ree KB
1
SA
1
KH
1
FB
1
M e a n D F S V
I C S V 1002 H V
I C S V 1 6 H V
I C S V 1 5 H V
I C S V 1 4 H V
E 35 -1 x IS 8785
E 35 -1 x 950
E 35-1 x 950
9 2 6 x 1089
700
940
780
510
2 6 9 0
2780
3100
2710
2690
1810
1600
1770
2560
2690
2150
2130
2 1 4 0
2050
1910
1780
170
235
230
180
75
70
70
75
2.2
1.3
1.7
2.1
C o n t r o l
L o c a l V a r i e t y 500 1540 1690 1850 1400 355 80 2.2
S E ±268 ±754 ±380 ± 7 2 4 ±15 ± 2 ±0.7
C V ( % ) 4 0 31 2 1 32
1 . K B = K a m b o i n s e , S A = S a r i a , K H = K o h o , F B = F a r a k o - B S . P l o t s ize 8 m
2
.
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Screening source mater ia l . Screen ing f o r sour -
ces of resistance to shoo t f l y (Atherigona soc-
cata), s ta lk b o r e r (Chilo partellus), a n d m idge
(Contarinia sorghicola) c o n t i n u e d u n d e r n a t u r a l
i n fes ta t i on i n c o o p e r a t i o n w i t h the n a t i o n a l
research p r o g r a m e n t o m o l o g i s t a t F a r a k o - B a .
W e c o n f i r m e d the resistance o f some entr ies
i den t i f i ed a s resistant ( < 2 % deadhear ts ) t o
shoo t f l y i n 1983, d u r i n g 1984. T h e y are: IS 5470,
IS 5566, PS 18601-3, PS 18822-4, PS 19794, and
PS 21318.
T h e entr ies t h a t e x h i b i t e d 1 0 % or less s ta lk
bo re r a t tack are IS 2195, IS 2309, IS 5585, IS
8320, IS 13100, IS 18551, a n d PS 14413. A l l the
p r o m i s i n g entr ies in these three nurser ies w i l l be
retested in 1985.
va r i ous var iet ies unde r the p r e v a i l i n g d r o u g h t
cond i t i ons us ing l ine-source g rad ien t s p r i n k l e r
i r r i g a t i o n , a n d i n h i gh - t empera tu re d r o u g h t p i t s .
We g rew 16 var iet ies o f s o r g h u m in rep l i ca ted
r o w s i n b o t h the l ine-source i r r i ga ted f i e l d a n d i n
smal l hand -wa te red p i ts l i ned w i t h conc re te ,
f i l l ed w i t h so i l , and covered w i t h c h a r c o a l dus t .
D a y tempera tu res a t 1400 hou rs a t 1-cm d e p t h
ranged f r o m 41 to 54° C in the f ie ld and f r o m 39
t o 6 1 ° C i n the d r o u g h t p i ts .
F i e l d emergence a n d su rv i va l a f te r 37 days in
the l o w - w a t e r a p p l i c a t i o n t r ea tmen t (2.16 m m
day
- 1
) was cor re la ted w i t h emergence a n d s u r v i -
v a l a f ter 11 days in the d r o u g h t p i t s ( T a b l e 38).
T h e results o f th is s tudy g ive us con f i dence to
adap t the d r o u g h t - p i t m e t h o d f o r e v a l u a t i n g see-
d l i n g t empe ra tu re a n d d r o u g h t resistance. N o t
o n l y were the d r o u g h t - p i t resul ts we l l co r re l a ted
D u r i n g 1984 we made subs tan t ia l advances i n
d e v e l o p i n g b reed ing l ines a n d r e f i n i n g se lect ion
c r i t e r i a f o r so rghums adap ted t o Wes t A f r i c a n
c o n d i t i o n s . O u r b i l a te ra l p r o g r a m c o n t i n u e d t o
w o r k c losely w i t h the A g r o n o m i c Research Ser-
vice i n M a l i .
Seedling Drought Resistance
I n M a r c h - A p r i l 1984 a t C i n z a n a Research S t a -
t i o n w e c o m p a r e d the seedl ing p e r f o r m a n c e o f
T a b l e 3 8 . Corre lat ions between sorghum seedling
responses in d rought pits a n d in the low-water a p p l i -
cat ion t reatment of f ield l ine-source i r r iga t ion , C i n z a -
n a , M a l i , 1 M a r c h - 1 A p r i l 1984 .
F i e l d
P i t s E m e r g e n c e (%) S u r v i v a l (%)
E m e r g e n c e % 
Emergence v i g o r
S u r v i v a l % 
S u r v i v a l v i g o r
0 . 8 1 * * 0 . 7 4 * *
0 . 7 0 * * 0 . 6 6 * *
0 . 8 7 * * 0 . 8 2 * *
0 . 7 5 * * 0 . 7 1 * *
T a b l e 3 7 . G r a i n yield ( k g h a
- 1
) p lant height ( c m ) , days t o f l o w e r i n g ( D F ) , a n d seedling vigor ( S V ) o f some selected
shor t -dura t ion sorghum cult ivars, t w o locat ions, B u r k i n a F a s o , ra iny season 1984.
G r a i n y i e l d ( k g h a
- 1
)
P l a n t
h e i g h t
( c m )C u l t i v a r Ped ig ree SA
1 K.B
1
M e a n D F S V
I C S V 7 H V
l C S V 8 H V
I C S V 6 H V
E 35-1 x Y i b d i v o l
E 35-1 x Y i b d i v o l
S 13 x V S 702
2540
2700
2420
960
650
760
1750
1670
1590
170
175
175
65
7 0
70
1.0
1.4
1.3
C o n t r o l
L o c a l v a r i e t y 2050 660 1360 195 85 2.2
S E ± 4 1 4 ±199
C V (%) 18 28
1 . SA = S a r i a , KB = K o l b i l a . P l o t s ize 8 m
2
.
M a l i
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w i t h the f ie ld resul ts , bu t the k n o w n c o n t r o l
var ie t ies p e r f o r m e d a c c o r d i n g to o u r f ie ld obser-
va t ions . C S M 205 and C S M 82 S 50 p e r f o r m e d
better t h a n CE 90 and E 3 5 - 1 .
Head Bug Resistance
I n p rev ious years we f o u n d tha t open pan ic led
so rghums are less suscept ib le to head b u g
(Eurystylus sp) a t t ack t h a n c o m p a c t pan ic led
sorghums ( F i g . 9). We also observed tha t the
presence o f l o n g , cornaceous g lumes seems to
s ign i f i can t l y reduce head bug a t tack . In c o l l a b o -
r a t i o n w i t h the M a l i a n E n t o m o l o g y P r o g r a m w e
designed and conduc ted a f a c t o r i a l e x p e r i m e n t
to de te rm ine the effect o f pan ic le shape a n d re la -
t ive g l u m e leng th on head b u g a t tack . O p e n ,
semi -open , and c o m p a c t pan ic led select ions
were chosen i n c o m b i n a t i o n w i t h sho r t , m e d i u m ,
and l o n g g lumes. T h e n ine t rea tments were s o w n
at S o t u b a . Eurystylus sp adu l t s and larvae were
coun ted a t the d o u g h stage and g r a i n m a t u r i t y
on f ive panic les f o r each t r ea tmen t in f o u r
rep l i ca t ions .
O u r results ind ica te the clear in f luence o f
g l ume length on head b u g in fes ta t ion in the p a n i -
cle ( F i g . 10). A c c o r d i n g to p r e l i m i n a r y observa-
t ions th is year , head bug females o n l y la id eggs
Figure 9. H e a d bug (Eurystylus sp) nymphs developing wi th in the panicle canopy of a susceptible sorghum cult ivar
( lef t ) . Panicle canopy ( r ight ) is free f r o m insects a l though the cult ivar developed under the same env i ronmenta l
condit ions.
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Figure 10. Effect of glume length on numbers of
Eurystylus species infesting sorghum panicles at
dough stage and grain matur i ty , M a l i , 1984.
i n t o the endospe rm at the s ty lar t ips of gra ins
exposed between the g lumes. T h e y o u n g g r o w -
ing grains are exposed ear ly (4-5 days af ter
anthesis) in f lore ts w i t h shor t g lumes and are
exposed later (6-12 days af ter anthesis) in f lo re ts
w i t h l ong g lumes. T h u s , l ong g lumes delay the
exposure o f y o u n g gra ins to egg l ay ing . Since the
l ong -g l umed sorghums had re la t ive ly few larvae
panic le
- 1
 a t g ra in m a t u r i t y , they a l l owed fewer
head bugs to bu i l d up p o p u l a t i o n s t h a n those
w i t h shor ter g lumes.
L o c a l Guineense so rghums w h i c h have l o n g
g lumes and open panicles do no t suf fer f r o m
head bug a t tacks . By i n c o r p o r a t i n g longer
g lumes i n to o u r new s o r g h u m var ie t ies, we hope
to reduce head b u g in fes ta t ions .
H o w e v e r , the select ion o f l o n g g lumes pres-
ents p rob lems w i t h g ra i n th resh ing . I n l o n g -
x
sho r t - g l ume crosses, mos t o f the p rogeny have
a d h e r i n g g lumes tha t are d i f f i c u l t to th resh .
L o c a l Guineense so rghums possess the i n v o l u t e '
charac ter w h i c h means tha t a t p lan t m a t u r i t y the
Three compact panicled sorghums with contrasting
short, m e d i u m , and long glumes.
glumes open abou t 120° so tha t the g ra i n can be
easily th reshed. We have recovered large
numbers o f p rogeny w i t h t ha t t r a i t , and are n o w
i n c o r p o r a t i n g these i n t o o u r crosses.
Decort icat ion
We selected the t o p - p e r f o r m i n g so rghums f r o m
the 1984 S o t u b a p r e l i m i n a r y y ie ld t r ia ls and
c o m p a r e d the i r deco r t i ca t i on pe r f o rmance w i t h
tha t o f t w o loca l var ie t ies, C S M 388 and S i r a -
k o r o l a l oca l , g r o w n under iden t i ca l c o n d i t i o n s .
We decor t i ca ted 2 -kg g ra i n lo ts by p o u n d i n g
t h e m us ing a t r a d i t i o n a l pestle and m o r t a r . We
de te rm ined recovery rates and es t imated b r a n
adhes ion scores by s ta in ing w i t h M a y - G r u n w a l d
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reagent . T h e results appear i n T a b l e 39.
T h e recovery ra te o f 7 0 % ( 3 0 % b r a n loss) i s
t y p i c a l o f l oca l so rghums . T h e c o m p a r a b l e pe r -
f o r m a n c e o f M a l i s o r 84-7 (83 F 6 225) is rare f o r
a n i m p r o v e d va r ie ty . T h e assoc ia t ion o f h i g h
recovery w i t h v i t r eos i t y suggests tha t percentage
v i t reos i t y c o u l d be used as a se lect ion c r i t e r i o n
f o r h i gh recovery .
To Quality
We conduc ted keep ing -qua l i t y tests us ing sma l l
g r a i n samples taken f r o m r n u l t i l o c a t i o n a l y ie ld
t r ia ls a t harvest . T h e g r a i n samples were d e c o r t i -
cated f o r 5 m i n in a T A D D and then g r o u n d in a 
cof fee m i l l be fore be ing made i n t o s m a l l to
samples.
A t C i n z a n a the d r o u g h t was severe d u r i n g
g r a i n f i l l , wh i l e Sikasso had h u m i d c o n d i t i o n s
tha t f a v o r e d m o l d g r o w t h d u r i n g g r a i n f i l l . T h e
to made f r o m g r a i n harvested in these adverse
e n v i r o n m e n t s was genera l l y less stable t h a n f r o m
Table 3 9 . Recovery rates (%) vitreosity, and bran
adhesion scores of decort icated gra in f r o m Sotuba
yield tr ia ls, M a l i , 1984.
V i t r e o - R e c o v e r y B r a n
s i ty ra te
2 a d h e s i o n
E n t r y score
1
(%) score
3
M a l i s o r 84-7 2.13 69.5 3.98
83 F 4 24 3.36 58.8 4.08
82 S 50 3.53 52.5 4 .84
A 13120 3.82 61.6 5.25
E 35-1 3.38 65.0 4 .96
C o n t r o l s
C S M 388 2.32 71.8 3.36
S i r a k o r o l a l o c a l 1.77 69.6 3.06
SE ±1 .42 ±0.41
C V (%) 3.8 17
1. V i t r e o s i t y s c o r e d on a 1-5 sca le , w h e r e 1 = m o s t v i t r e o u s ,
a n d 5 = m o s t f l ou ry . S c o r e s a r e m e a n s o f 100 c u t g r a i n s .
2 . R e c o v e r y r a t e : t h e p e r c e n t a g e o f d r i e d d e c o r t i c a t e d p r o -
d u c t i n t h e t o t a l u n d e c o r t i c a t e d g r a i n .
3 . B r a n a d h e s i o n : t h e m e a n o f 100 s t a i n e d d e c o r t i c a t e d
g r a i n s p e r r e p l i c a t i o n s c o r e d f o r a d h e r i n g b r a n o n t he
d o r s a l a n d v e n t r a l s u r f a c e s . L o w scores i n d i c a t e m o r e
c o m p l e t e b r a n r e m o v a l .
Tab le 4 0 . M in i - tes t results for to-keeping qual i ty of
grain samples f r o m 1984 Sotuba yield t r ia l decort i -
cated in the T A D D for 2.5 and 5 m i n .
2 . 5 - m i n 5 - m i n
E n t r y d e c o r t i c a t i o n d e c o r t i c a t i o n
83 F 4 24 1.83 1.16
83 F 4 26 3.33 1.0
83 F 4 88 2.83 1.33
83 F4 94 2.5 1.0
83 F 4 248 1.83 1.5
83 F 4 292 1.5 1.0
83 F 4 474 4.0 1.16
83 F 6 93 1.0 1.0
83 F6 222 2.33 1.16
M a l i s o r 84-7 1.0 1.16
S B 7 2 2 / 6 7 1.33 1.33
S 6 3.67 1.0
S 7 4.0 1.5
A 13120 2.5 1.16
82 S 50 1.66 1.5
E 35-1 4.0 1.33
S E ±0.38
C V (%) 36
1 . T A D D = T a n g e n t i a l A b r a s i v e D c h u l l i n g D e v i c e .
g r a i n harvested i n m o r e f a v o r a b l e c o n d i t i o n s .
Never the less, the to f r o m 83 F 6 222 a n d M a l i s o r
84-7 was stable f r o m a l l e n v i r o n m e n t s . G r a i n
f r o m mos t o f the So tuba -ha rves ted var iet ies p r o -
duce t d w i t h g o o d s tab i l i t y . We k n o w f r o m past
exper ience tha t some o f these var iet ies have p o o r
keep ing q u a l i t y unless the b r a n is r e m o v e d c o m -
p le te ly by e x t e n d i n g the d u r a t i o n o f d e c o r t i c a -
t i o n . W e c o m p a r e d the m in i - tes t resul ts f r o m
S o t u b a g r a i n decor t i ca ted f o r 2.5 a n d 5 m i n . T h e
results are s h o w n in T a b l e 40 .
R e d u c i n g d e c o r t i c a t i o n t i m e resul ted in a 
m a r k e d separa t i on o f var iet ies f o r t he i r t o -
keep ing q u a l i t y . T h e t r ea tme n t , a n d t r e a t m e n t x 
va r i e t y i n te rac t i ons were h i g h l y s i gn i f i can t .
T h e resul ts f r o m the 2 . 5 - m i n d e c o r t i c a t i o n o n
the S o t u b a g r a i n samples were s i m i l a r t o those
f r o m the 5 - m i n d e c o r t i c a t i o n o n g r a i n harvested
in stressed e n v i r o n m e n t s . I n 1985, we w i l l t r y t o
c o n f i r m those resul ts , a n d w i l l p r o b a b l y a d o p t
the 2 .5 -m inu te d e c o r t i c a t i o n t i m e f o r p r e p a r i n g
o u r sma l l r o u t i n e samples o f td. 
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T h e excel lent to s tab i l i t y o f g r a i n f r o m the
M a l i s o r 84-7 select ion was an encou rag ing resul t
o f the 1984 m i n i - t o tes t ing p r o g r a m . Because o f
its c o n f i r m e d g ra in q u a l i t y and very g o o d a g r o -
n o m i c p e r f o r m a n c e ( F i g . 11), we used M a l i s o r
84-7 extens ive ly in o u r subsequent c ross ing
p r o g r a m .
Populat ion Breeding
We have several p o p u l a t i o n s segregat ing f o r
genet ic male s te r i l i t y (ms3) t h a t are i m p r o v e d
f r o m year to year by fu l l - s ib i n t e r m a t i n g , re-
c o m b i n a t i o n o f F 3 b u l k select ions, and d i rec ted
crosses to i m p r o v e specif ic t ra i t s .
O u r basic b reed ing p o p u l a t i o n was star ted in
1978 and has been i m p r o v e d by recur ren t selec-
t i o n in a l te rna te genera t ions . Since 1981 we have
made p lan t select ions w i t h i n the b reed ing p o p u -
l a t i o n . We n o w have several e x p e r i m e n t a l va r ie -
ties der ived f r o m tha t p o p u l a t i o n . In 1983, we
not i ced tha t there was an unaccep tab ly h igh f re -
quency o f p lants w i t h soft seed in the base p o p u -
l a t i o n , so we decided to m a k e an extensive
r e c o m b i n a t i o n o f v i t reous-seeded p rogeny . We
iden t i f i ed t w o p r o m i s i n g F 4 p o p u l a t i o n p r o g e n -
ies 83 F4 474 and 83 G D - S e l 1 w i t h accep tab ly
v i t reous seed. B o t h progenies were segregat ing
fo r genet ic ma le s ter i l i t y . We also i den t i f i ed 110
v i t reous F 2 t o F 6 progenies f r o m o u r b reed ing
p r o g r a m . A l l the p rogeny had seed size greater
t h a n 20g / 1 0 0 0 seed. In the 1983 w i n t e r season we
made a large n u m b e r of fu l l - s ib crosses be tween
the 110 select ions and the t w o F 4 select ions. B u l k
F1s were harvested separately f o r the 83 F4 474
and 83 G D - S e l 1 paren ta l crosses. The F, genera-
t i o n was g r o w n a t S o t u b a in 1984 a l o n g w i t h the
fu l l - s ib F, bu l k cross f r o m the 1983 base p o p u l a -
t i o n . We eva luated v i t reos i t y o f 1000 panic les
f r o m each o f the three F , b u l k p o p u l a t i o n s by
t a k i n g the mean v i t reos i t y r a t i n g o f f ive gra ins
f r o m each pan ic le . T h e d i s t r i b u t i o n o f g r a i n
v i t reos i t y f requencies f o r each p o p u l a t i o n is
s h o w n in F i g u r e 12.
As i l l us t ra ted in F igu re 12, there was a de f in i te
sh i f t i n the i m p r o v e d p o p u l a t i o n s t o w a r d m o r e
v i t reous g r a i n . F o r acceptable d e c o r t i c a t i o n , to
q u a l i t y , and storage l i fe , we a i m to select p lan ts
Figure 1 1 . A recent sorghum breeding line M a l i s o r
84-7 (83 F 6 225) that showed grain m o l d resistance,
grain hardness, and good grain yields in 1984 tr ials.
T h e very short seed branches greatly reduce panicle
canopy refuge for head bugs, M a l i , 1984.
w i t h g r a i n h a v i n g a v i t reos i t y score less t h a n 2.5,
c o m m o n i n loca l var iet ies. O u r o r i g i n a l base
p o p u l a t i o n had on l y 7 % ind i v i dua l s w i t h g r a i n
v i t reos i ty < 2.5 whereas the 83 F4 474 p o p u l a t i o n
had 3 1 % , and the 83 G D - S e l 1 p o p u l a t i o n had
4 1 % . W e expect t o o b t a i n large n u m b e r s o f use-
f u l selections f r o m those i m p r o v e d p o p u l a t i o n s .
A l t h o u g h i t i s o f ten d i f f i c u l t t o o b t a i n g o o d
v i t reous p rogeny f r o m v i t reous x n o n - v i t r e o u s
crosses, we have r a p i d l y ob ta ined a d iverse-
based v i t reous p o p u l a t i o n by m a k i n g large
numbers o f v i t reous x v i t reous crosses. We hope
t o s im i l a r l y e x p a n d and d ive rs i f y o u r b reed ing
base f o r the i nvo l u t e g l u m e charac te r .
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Yield Evaluat ion of Selected Progeny
W e c o n d u c t e d m u l t i l o c a t i o n a l t r ia ls (a t s h o r t -
a n d med ium-season sites), c o m p o s e d o f the
p r o m i s i n g p rogeny and k n o w n c o n t r o l var ie t ies ,
to invest igate the re la t ive g r a i n y ie ld p o t e n t i a l o f
o u r b reed ing mate r ia l s .
A t three shor t -season, very d r y l o c a t i o n s , we
o b t a i n e d va r i ab le yet in te res t ing p r e l i m i n a r y
per fo rmances f r o m three se lec t ions—83 F 4 183,
83 F 4 352, a n d 83 F 6 1 7 3 . T h e se lect ion 83 F 6 1 7 3
also y ie lded ve ry we l l c o m p a r e d t o C E 9 0 i n a n
a g r o n o m y t r i a l a t Bema. 83 F 4 1 8 3 is ve ry ea r l y -
m a t u r i n g a n d has s h o w n p rom ise even o n m i l l e t
soils a t K o p o r o - K e n i e p e . A l l th ree select ions w i l l
be f u r t h e r tested.
A t t h r e e m e d i u m - s e a s o n l o c a t i o n s , w e
o b t a i n e d very g o o d y ie ld levels, up t o 3000 kg
ha
- 1
 ( T a b l e 41) . T h r e e c o n t r o l s A 13120, E 3 5 - 1 ,
a n d 82 S 50 gave the h ighest y ie lds b u t , a l l th ree
have ser ious d isadvantages u n d e r M a l i a n c o n d i -
t i ons : A 1 3 1 2 0 i s ve ry suscept ib le to g r a i n m o l d
a n d c h a r c o a l r o t ; E 35-1 a n d 82 S 50 have c o m -
pact heads w i t h sho r t g lumes and are very sus-
cept ib le to head bugs. H o w e v e r a l l th ree var ie t ies
w i l l c o n t i n u e to be used and tested in M a l i .
T h e e x p e r i m e n t a l va r i e t y 83 F 4 26 gave h i g h
yie lds a t K i t a a n d S o t u b a , a n d i s n o w be ing
ster i l ized as a p o t e n t i a l female pa ren t f o r f u t u r e
M a l i a n h y b r i d s .
T h e v i t reous g r a i n va r i e t y , M a l i s o r 84-7 a lso
gave g o o d y ie lds a t S o t u b a a n d K i t a . 83 F 6 26 , 83
F 6 93 , and M a l i s o r 84-7 w i l l be re ta ined f o r
f u t u r e tes t ing a n d se lec t ion .
T h e stable y ie ld levels a n d g r a i n q u a l i t y o f
M a l i s o r 84-7 i n the a g r o n o m y t r ia ls are i m p r e s -
sive. In 1985 we w i l l ve r i f y its p e r f o r m a n c e f o r
y ie ld a n d q u a l i t y c o m p a r e d to 82 S 50 , E 3 5 - 1 ,
a n d a loca l c o n t r o l va r ie ty .
Cameroon
Mul t i loca t iona l Testing
I n c o o p e r a t i o n w i t h the S e m i - A r i d F o o d G r a i n
Research a n d D e v e l o p m e n t ( S A F G R A D ) /
I C R I S A T P r o g r a m based a t S a m a r u , N i g e r i a ,
Figure 12. Frequency distr ibut ions for grain vitreosity o f three sorghum popula t ions , M a l i , 1984.
83 GD Sel 1 p o p u l a t i o n p r o g e n y
83 F 4 474 p o p u l a t i o n p r o g e n y
Base p o p u l a t i o n
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Tab le 4 1 . G r a i n yields ( k g h a
- 1
) o f early- and
m e d i u m - m a t u r i n g sorghums planted late at three
medium-season sites, M a l i 1984.
Planting date
Mean
grain
yield
(kg h a ' )
Mean
days to
flower
20 Jul 29 Jun 4 Ju l
Ka t i -
Entry K i ta bougou Sotuba
83 F 4 24 66 2500 1560 2630 2230
83 F 4 26 70 3280 1520 2950 2580
83 F 4 88 69 2990 2010 1710 2240
83 F 4 94 69 2670 1360 1240 1760
83 F 4 248 72 2550 1680 1850 2030
83 F 4 292 72 1770 1520 1580 1620
83 F 4 474 73 3040 1570 1780 2130
83 F 6 93 68 2920 2200 1870 2330
83 F 6 222 71 2900 1660 2000 2190
M a l i s o r 84 7 74 2810 1410 2580 2270
S 6 84 3490 1800 2270 2520
S 7 82 2590 1710 2010 2100
S B 7 2 2 / 6 7 79 2220 1610 2330 2050
A 13120 76 2860 2140 3170 2730
C o n t r o l s
E 35-1 80 3150 2370 2670 2730
82 S 50 80 2880 1940 3230 2690
SE ±389 ±252 ±263
C V (%) 22 32 26
R a i n f a l l
( m m ) 800 596 878
the I n t e r n a t i o n a l I ns t i t u te o f T r o p i c a l A g r i c u l -
tu re ( I I T A ) s o r g h u m breeder i n C a m e r o o n has
been tes t ing 1 C R I S A T m a t e r i a l . S o r g h u m is the
m a i n cereal c r o p i n n o r t h e r n C a m e r o o n a n d i n
1983 S 34 and S 35 were g r o w n at 13 loca t ions in
d i f fe ren t eco log ica l zones toge the r w i t h a l oca l
c o n t r o l va r ie ty , a n d E 35-1 a n d E 38-3 as exo t i c
c o n t r o l s . S 35 d i d we l l a t 10 loca t ions w i t h l o w
r a i n f a l l (300-800 mm a" ' ) , as d i d S 34 a t three
loca t ions w i t h h igher r a i n f a l l (1000-1500 m m a
- 1
.
1983 was a d r i e r - t h a n - n o r m a l year b u t in 1984
there was m o r e severe d r o u g h t . In a m u l t i l o c a -
t i o n a l ear ly-season t r i a l , S 35 r a n k e d f i rst over
seven loca t ions , and S 34 ranked f i r s t at f o u r
loca t ions in a m u l t i n a t i o n a l med ium-season
t r i a l . B o t h S 35 a n d S 34 y ie lded 3000-4000 kg
ha
- 1
 in a g r o n o m i c test ing.
S A F G R A D conduc ted o n - f a r m tes t ing a n d i n
1984 cor re la ted da ta f r o m 88 of the i r 93 sites.
S 35 y ie lded 8 5 % more t h a n loca l and exo t i c
c o n t r o l var iet ies, an average o f 1330 kg ha"
1
,
c o m p a r e d to 720 kg ha
- 1
 by the loca l va r ie ty .
S 34 has n o t been tested by S A F G R A D at
h igh e levat ions , b u t i n I I T A tests a t th ree l oca -
t ions i t y ie lded a lmos t 7 0 % m o r e g r a i n t h a n the
loca l c o n t r o l va r ie ty .
Based on 3 years ' da ta f r o m m u l t i l o c a t i o n a l
t r i a l s , a g r o n o m i c da ta , and 2 years ' o f o n - f a r m
tes t ing , the G o v e r n m e n t o f C a m e r o o n has
requested 300 kg seed of each of these h i g h -
q u a l i t y , wh i t e -g ra i n var iet ies t ha t are resistant to
mos t fo l iage diseases and to le ran t to s tem borer .
Southern Africa
T h e i n i t i a l ob jec t ive o f the reg iona l s o r g h u m and
mi l le ts i m p r o v e m e n t p r o g r a m , based i n Z i m -
babwe , is to expand the genetic d ive rs i t y of these
crops i n the S A D C C reg ion tha t inc ludes n ine
count r ies . I n a n t i c i p a t i o n o f the p r o g r a m s '
es tab l i shment in 1983, we con tac ted breeders
a r o u n d the w o r l d . W i t h the i r c o o p e r a t i o n , w e
assembled some 5500 ent r ies, p r i m a r i l y o f b reed-
ing stocks bu t a lso i n c l u d i n g accessions f r o m the
w o r l d co l l ec t i on , pa r t i cu l a r l y f r o m sou the rn
A f r i c a , and N ige r ia . We also acqu i red Zerazera
sorghums f r o m E t h i o p i a and S u d a n .
We d ispa tched seed to B o t s w a n a , Z a m b i a ,
and Z i m b a b w e . These were subd i v i ded i n t o s ix
sets i n Bo tswana and Z a m b i a , and i n O c t o b e r
and N o v e m b e r 1983, nurser ies were sent to Bo t s -
w a n a , M a l a w i , Z a m b i a , and Z i m b a b w e f o r eva-
l u a t i o n by n a t i o n a l research p r o g r a m s .
T h e nurser ies were g r o w n a t the Sebele S ta -
t i o n near G a b o r o n e , B o t swana , M a k h a n g a S ta -
t i o n i n the Sh i re Va l l ey , M a l a w i ; M o u n t M u k u l u
a n d G o l d e n Va l l ey s ta t ions near L u s a k a , Z a m -
b ia ; a n d M a t o p o s S t a t i o n near B u l a w a y o , Z i m -
babwe. D u r i n g the year , a n A - B nurse ry o f a b o u t
150 pa i rs has ben sown a t M a t o p o s to eva lua te
and increase seed o f the female paren ts o f
hyb r i ds .
T h e c rops a t Sebele a n d M a t o p o s suf fered
f r o m severe d r o u g h t stress w h i l e those a t M a k -
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hanga g rew i n wet h u m i d c o n d i t i o n s , howeve r ,
the crops a t M o u n t M u k u l u and G o l d e n Va l l ey
stat ions g rew in a lmos t ideal c o n d i t i o n s .
We c o m p i l e d and eva luated results f r o m these
nurser ies, a n d selected entr ies f r o m t h e m f o r a 
c ross ing b l o c k tha t was sown on the M z a r a b a n i
Estate o f the A g r i c u l t u r a l and R u r a l D e v e l o p -
men t A u t h o r i t y ( A R D A ) . Th i s i s a l ow -e l eva t i on
estate i n the n o r t h e r n pa r t o f Z i m b a b w e where
w i n t e r tempera tu res r e m a i n w a r m e n o u g h f o r
g o o d p l an t g r o w t h .
One h u n d r e d a n d seventy- f ive entr ies selected
f o r a range in g r a i n co lo r , and m a i n t a i n e r and
restorer reac t i on on cy top lasm ic male ster i les,
were s o w n on 10 A p r i l 1984. T w o t h o u s a n d
heads were emascu la ted , f r o m w h i c h we
ob ta ined F1 seed f r o m a b o u t 700 crosses. T h i s F,
seed harvested on 31 J u l y was s o w n on 1 A u g u s t
in a 2nd of f -season nursery at M z a r a b a n i .
We sowed cross ing b locks to test-cross A and
R l ines b u t because of a severe wa te r shor tage f o r
20 days a t the t ime o f f l o r a l i n i t i a t i o n the c rops
fa i l ed , so they were r a t o o n e d and we w i l l repeat
o u r a t t e m p t to m a k e crosses.
Ent r ies in the B- l ine O b s e r v a t i o n N u r s e r y
came f r o m c o n t r i b u t i o n s t o the s o r g h u m i n t r o -
d u c t i o n nursery g r o w n in the 1983/84 season,
w i t h a d d i t i o n a l entr ies f r o m the s o r g h u m
i m p r o v e m e n t p r o g r a m i n Z a m b i a .
Seed o f selected entr ies f r o m the i n t r o d u c t i o n
nursery were increased in suppo r t of a reg iona l
s o r g h u m nursery fo r the 1984/85 m a i n season.
Th i s reg iona l nursery n o w has 385 entr ies p r i m -
a r i l y based on results o f the i n t r o d u c t i o n
nursery . T w e n t y entr ies were p r o v i d e d by the
Z a m b i a n a t i o n a l p r o g r a m .
S A D C C / I C R I S A T Sorghum and Millet Improvement Program staff sowing F1 sorghum seed at the Mzarabani
Estate of the Agricultural and Rural Development Authority ( A R D A ) , Zimbabwe. This seed from 700 crosses was
harvested the previous day.
Sorghum 65
The first sorghum crop produced on the S A D C C / I C R I S A T research station recently established at Matopos,
Bulawayo, Zimbabwe.
We also sowed a nursery of 1000 entr ies
received f r o m the I C R I S A T Cen te r s o r g h u m
patho log is t a t the P lan t P ro tec t i on I ns t i t u te , a t
the Research and Special ist Service's H e n d e r s o n
Research S t a t i o n , n o r t h o f H a r a r e , t o eva luate
resistance to leaf b l i gh t {Exserohilum sorghi). 
Because of the d r o u g h t in 1983 / 84, mos t c r o p
i m p r o v e m e n t act iv i t ies were conduc ted a t b o t h
the M a t o p o s S t a t i o n and the B u l a w a y o Sewage
F a r m , A i s l eby , where wa te r f o r i r r i g a t i o n i s
assured.
Eastern Africa
Cooperative Regional Trials
T h e m a i n ob jec t ive o f the Eastern A f r i c a C o o p -
erat ive S o r g h u m R e g i o n a l T r ia l s ( E A C S R T ) , i s
to test the pe r f o rmance o f p r o m i s i n g var iet ies in
the m a j o r s o r g h u m eco log ica l zones o f eastern
A f r i c a . I n the 1983/84 season, f o u r independen t
t r ia ls were o rgan ized and d i s t r i bu ted to 50 loca-
t ions in the reg ion . These f o u r t r ia ls were f o r
h i g h , i n te rmed ia te , and l o w e levat ions, and very
d r y l ow lands . T h e t r ia ls were g r o w n by the
n a t i o n a l p rog rams o f E t h i o p i a , K e n y a , People 's
D e m o c r a t i c Repub l i c o f Y e m e n , S o m a l i a ,
U g a n d a , Y e m e n A r a b Repub l i c , and Z i m b a b w e .
Resul ts f o r the 1983/84 c r o p season f r o m
selected stat ions of these count r ies are g iven in
Tables 42-44. Since mos t o f the t r ia ls f o r the very
d r y l ow lands fa i led comp le te l y because o f
d r o u g h t , no usefu l da ta were re tu rned f r o m any
s ta t i on .
H i g h Elevation Trials. F o r the h igh -e leva t ion
t r i a l , b o t h the Peoples ' D e m o c r a t i c Repub l i c o f
Y e m e n ( P D R Y ) and the Y e m e n A r a b R e p u b l i c
( Y A R ) repor ted the highest g r a i n y ie lds w i t h a 
mean o f abou t 3000 kg ha
- 1
 (Tab le 42) . Y ie lds o f
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a lmos t 4000 kg ha
- 1
 f o r the three entr ies f r o m
Y A R were repo r ted f r o m M u k a i r a s , P D R Y . A t
I b b , Y A R , the same three ent r ies , K a d a s i ,
H a m r a H u j a r i y a , and A l - G a n a d , gave the h i g h -
est g r a i n y ie lds , a b o u t 3500 kg ha
- 1
 each. A l -
G a n a d was the overa l l h ighest y ie lder across a l l
l oca t ions . W h e n assessed f o r a g r o n o m i c des i ra -
b i l i t y a t K a t u m a n i , K e n y a , A l - G a n a d and
H a m r a H u j a r i y a were the best entr ies. H o w e v e r ,
a t Lane t , K e n y a , these Y e m e n i entr ies were
scored as a g r o n o m i c a l l y undes i rab le c o m p a r e d
t o the l oca l c o n t r o l . A n exc lus ive and p r o m i n e n t
fea ture o f the Y e m e n i entr ies was the i r e x t r a -
large seed size. T h e h i gh -a l t i t ude R w a n d a s o r g h -
ums w i t h d a r k b r o w n seed were f o u n d
undes i rab le unde r h i gh a l t i t ude s i tua t ions i n
Y A R and P D R Y , and they d id not appear w e l l -
adapted t o the Y e m e n i s o r g h u m e n v i r o n m e n t .
Intermediate Elevation Trials. A t K a t u m a n i ,
K e n y a , S V R 8 and E S I P 12 had the best a g r o -
n o m i c des i rab i l i t y scores and highest g r a i n y ie lds
( T a b l e 43) . E S I P 12 has been selected f o r f u t u r e
t r ia ls . B a k o m a s h 80 a n d S V R 157 were the
h ighes t -y ie ld ing entr ies a t I b b , ( Y A R ) , a l t h o u g h
the b r o w n g r a i n o f the la t ter was no t acceptab le
t o the Y e m e n i s o r g h u m consumers . B a k o m a s h
80 has been advanced f o r f u r t h e r tes t ing in the
Y A R . T h e h ighes t -y ie ld ing entr ies a t H a r a r e
were B a k o m a s h 80 and E S I P 12, w i t h a b o u t
10000 kg ha
- 1
 c o m p a r e d to 7000 kg ha
- 1
 f o r the
loca l c o n t r o l va r ie ty , C h i s u m b a n j e .
L o w Elevation Tr ia ls . T h e ove ra l l m e a n g r a i n
y ie ld f o r the six s tat ions in f i ve coun t r i es t ha t
re tu rned da ta was a b o u t 2000 kg ha
- 1
 ( T a b l e 44) .
Seven var iet ies p r o d u c e d a p p r o x i m a t e l y 3000 kg
Table 42. Grain yield (kg ha
-1
) and agronomic desirability ( A D ) score of the High Elevation Set of the Eastern
Africa Co-operative Sorghum Regional Trials ( E A C S R T ) , 1983.
Ident i f icat ion
Seed
source
Katumani ,
Kenya
Katumani ,
Kenya A D
1
Kakamega,
Kenya
Lanet,
Kenya A D
1
Ibb ,
Y A R
Mukairas,
P D R Y
Kadasi Y A R 840 2.8 -
2
5.0 3640 3970
Hamra Hujar iya Y A R 1670 2.5 - 5.0 3390 3730
Al-Ganad Y A R 2007 2.5 - 5.0 3990 4500
SVR 157 Burundi 1657 3.3 2510 4.0 2840 1930
ETS 2752 Ethiopia - 4.5 - 5.0 3590 2930
Alemaya 70 Ethiopia - 4.8 - 5.0 3130 2960
B M 10 Rwanda 1867 3.3 2480 4.0 890 1840
B M 27 Rwanda 2135 3.3 2980 3.7 1730 1810
E 1291 Kenya 1932 3.3 3200 2.7 1960 2040
BJ 2B * BG19 Kenya 939 3.8 - 2.0 770 2340
Local contro l Local - - 2320 2.0 2990 2020
SE ±369 ±236 ±386 ±99
Mean 1630 3.4 2699 3.9 2630 2734
CV (%) 32.0 20.0 254 6.3
Local contro l E 1291 E 525
H R
E 1291
V A 201
26
Safari Ko r i
1. Agronomic desirability score: 1 = most desirable, 5 = least desirable.
2. - = Negligible yield.
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Table 43. Grain yield (kg ha
-1
) and agronomic desirability ( A D ) score of the Intermediate Elevation Set of the
E A C S R T , 1983.
Ident i f icat ion
Seed
source
Katumani
Kenya A D
1
Katumani ,
Kenya
Ibb ,
Y A R
Harare,
Z imbabwe
Buraihi Y A R 3.3 2030 1660 5200
SVR 8 Burundi 2.5 2500 2180 6300
ESIP 12 Ethiopia 1.5 2430 2780 9600
Bakomash 80 Ethiopia 2.3 1540 3460 10500
SVR 157 Rwanda 3.0 2195 3370 7000
Ik inyaruka Rwanda 3.5 1660 2070 7600
Susa Rwanda 3.0 2060 2030 2900
2 K X 17 Kenya - - 570 6900
Local control Local - - 2410 7200
Si- ±477 ±280
Mean 2.7 2060 2280 7000
CV (%) 32.8 21.3
Local control - - Juraa Chisumbanje
1. Agronomic desirability score: 1 = most desirable, 5 = least desirable.
Table 44. Grain yield (kg ha
-1
) of the Low Elevation Set of the E A C S R T , 1983.
Ident i f icat ion
Seed
source
Katumani ,
Kenya
Serere,
Uganda
Taize,
Y A R
Zabid ,
Y A R
El-kod,
P D R Y
Panmure
Zimbabwe
Tajarib Y A R 1120 1180 2180 640 2370 2200
SEPON 80-1 Y A R 910 950 2680 1390 3500 3800
5 D X 160 Burundi 2210 2590 1340 1490 2770 3800
Serena Uganda 1560 2890 2580 1510 3130 4100
Seredo Uganda 1630 2630 3300 1490 2900 4700
E525HT Uganda 1970 1900 2640 1490 3000 3900
2 K X 17/13/1 Uganda 3101 610 3080 1060 2070 4500
Tegemeo Tanzania 530 4601 1810 1240 1430 3800
2K X 17/6 Tanzania 1190 4801 1680 1180 1270 2500
Gambella 1107 Ethiopia 1310 1070 2770 1080 2770 4200
Melkamash 79 Ethiopia 1410 1030 2300 1220 2870 3600
Badege Rwanda 2590 1900 -
1
120 2070 -
1
Urumimbi Rwanda 2120 2630 -
1
120 1330 -
1
76T1-23 Kenya 3801 2100 1430 1410 1330 4300
IS 8595 Kenya -
1
1160 840 290 1370 -
1
Local control Local 1840 2920 350 1730 3500
SE ±413 ±590 ±237 ±104 ±231
Mean 1430 1590 2260 1010 2240 3800
CV (%) 49.6 59.9 18.2 17.9 17.9
Local control 76T1-23 E 1937 Gairaia Beini Chisum-
banje
1. - = Not included in calculation of SE.
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S A F G R A D / I C R I S A T Regional Sorghum and Millet Project for Eastern and Southern Africa, sorghum intro-
duction nursery,Katumani, Kenya, 1984.
I n t r o d u c t i o n nursery . F r o m the 1500-entry
i n t r o d u c t i o n nursery eva luated a t K a t u m a n i
d u r i n g the 1983 shor t ra ins , the best 235 entr ies
were advanced f o r f u r t h e r eva lua t i on in rep l i -
cated p lo ts .
Based on the i r a g r o n o m i c des i rab i l i t y scores,
these advanced l ines were d i v i ded i n t o three test
g roups and eva luated in the 1984 l o n g ra ins at
K a t u m a n i . Based on the results o f these t r ia ls the
select ions were f u r t h e r reduced to the best 90 ,
and sown in a rep l ica ted t r i a l in the 1984 shor t
ra ins a t K a t u m a n i and K a m p i y a M a w e . T h e
m a j o r i t y o f the p r o m i s i n g l ines t race the i r o r i g i n
to I C R I S A T Cente r , i n d i c a t i n g a g o o d corres-
pondence in va r ie ta l pe r f o rmance between
I C R I S A T Center and K a t u m a n i . T h e f o l l o w i n g
h a
- 1
 a t E l - K o d , P D R Y , ou t o f w h i c h S E P O N
8 0 - 1 , G a m b e l l a 1107, and M e l k a m a s h 79 were
considered mos t su i tab le f o r the loca l s i t ua t i on .
S E P O N 8 0 - 1 , recent ly released i n Y A R , was the
h ighes t -y ie ld ing en t ry a t T a i z a n d E l - K o d .
A l t h o u g h var iet ies such as Seredo have y ie lded
we l l i n Y A R , and P D R Y , the i r g ra i n q u a l i t y i s
n o t cons idered h i gh enough f o r the loca l consu-
mers. Based on the i r a g r o n o m i c des i rab i l i t y
scores, the best entr ies f o r K a t u m a n i were G a m -
bel la 1107, M e l k a m a s h 79, a n d 5 D X 160. A t
Serere, the best entr ies were cons idered to be the
Serere-bred l ines, Serena and Seredo. A t P a n -
m u r e , Z i m b a b w e , f ive var ie t ies, Seredo , Serena,
2 K X 1 7 / 1 3 / 1 , G a m b e l a 1107, and 76T1-23
y ie lded over 4000 kg ha
- 1
.
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most p r o m i s i n g l ines are be ing increased f o r
f u r t h e r tests: M 36209, CS 3541-7, E S I P 12,
M e l k a m a s h 79, [ ( S C 108-3xSwarna )xE 35 -1 ] -
11-6-2, [ ( 148xE 35-1) -4-1x CS 3541 de r i v . ] -5 -3 -2 ,
M 9 0 8 1 2 , M 6 6 1 5 2 , [ ( G P R 148x E 3 5 - 1 ) - 4 -
1 x CS 3541 d ia l . ) -3 -4 , and [ ( W A x N i g e r i a n
b u l k ) x E 3 5 - 1 ) ] - 5 - 8 - 1 - 3 - 1 - 1 - 1 .
Latin America and the Caribbean
T w o I C R I S A T staf f are based a t the headquar -
ters o f C e n t r o I n t e r n a t i o n a l de M e j o r a m i e n t o de
M a i z y T r i g o ( C I M M Y T ) i n M e x i c o and are
w o r k i n g o n s o r g h u m research i n L a t i n A m e r i c a ,
i n close c o o p e r a t i o n w i t h the n a t i o n a l p r o g r a m s .
T h e m a i n b reed ing p r o g r a m object ives are t o
deve lop co ld - t o l e ran t s o r g h u m var iet ies su i tab le
fo r h igh a l t i t udes , w i t h good g ra i n q u a l i t y f o r
h u m a n f o o d , and t o i m p r o v e the loca l cu l t i va rs
adap ted to l o w and in te rmed ia te e levat ions i n
L a t i n A m e r i c a . T h e a g r o n o m y p r o g r a m i s w o r k -
i n g to deve lop c r o p p i n g systems i n v o l v i n g
I C R I S A T - d e v e l o p e d m a t e r i a l , i n b o t h h i g h l a n d
and l o w l a n d areas.
Breeding
In tegra ted and in tens ive b reed ing e f fo r ts are in
progress to i m p r o v e the p lan t character is t ics o f
s o r g h u m and to meet the p r o d u c t i o n demands
f r o m the L a t i n A m e r i c a n coun t r ies f o r s o r g h u m
var iet ies adap ted t o h i g h l a n d and l o w l a n d t r o p -
ics. T h e b reed ing me thods e m p l o y e d i nc lude
c o n v e n t i o n a l as w e l l as p o p u l a t i o n - i m p r o v e -
m e n t techn iques. We are n o w deve lop ing g o o d
male and female parents so tha t we can p roduce
hyb r i ds f o r b o t h h igh lands and l o w l a n d s . W e
a n n u a l l y c o n t r i b u t e m a t e r i a l t o L a t i n A m e r i c a n
coopera to rs by way o f the L a t i n A m e r i c a n
Sorghum growing on rocky mountain slopes, Hait i , 1984.
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R a i n f e d S o r g h u m Y i e l d T r i a l ( L A R S Y T ) , t ha t i s
g r o w n across loca t ions i n m a r g i n a l areas. T h i s
year we received 92 requests f o r the t r i a l . We w i l l
also d i s t r i bu te ano the r y ie ld t r i a l t ha t w i l l
i nc lude h y b r i d s deve loped b y the I C R I S A T
p r o g r a m .
W e c o n t i n u e d o u r c o o p e r a t i o n w i t h the I n s t i -
t u t o N a c i o n a l de Invest igac iones A g r i c o l a s
( I N I A ) . I N I A ' s g r a i n l a b o r a t o r y tested several o f
I C R I S A T ' s new f o o d - t y p e so rghums t o i den t i f y
the genotypes best su i ted f o r f o o d q u a l i t y . T h e
i n f o r m a t i o n ga ined is used to create an aware -
ness o f s o r g h u m g ra in f o r d i rec t h u m a n c o n -
s u m p t i o n in coun t r ies such as M e x i c o , the
D o m i n i c a n Repub l i c , and coun t r i es o f S o u t h
A m e r i c a where s o r g h u m is p r i m a r i l y used as
a n i m a l feed. People i n E l Sa l vado r , G u a t e m a l a ,
H a i t i , H o n d u r a s , and N i ca ragua are accus tomed
to us ing loca l w h i t e - g r a i n s o r g h u m i n d i f f e ren t
f o r m s f o r h u m a n c o n s u m p t i o n .
T h e I C R I S A T s o r g h u m p r o g r a m a t C I M -
M Y T has deve loped several w h i t e - g r a i n var iet ies
sui tab le f o r h u m a n c o n s u m p t i o n . Some o f these
were tested in a t r i a l at 18 sites spread across
M e x i c o ' s h igh p la teau . Because the l o w e r - t h a n -
n o r m a l average tempera tu res d u r i n g the 1984
g r o w i n g season d i d no t p e r m i t r ap id p l an t devel -
o p m e n t a t some sites, and f ros t d i d n o t a l l o w
g r a i n f o r m a t i o n and / o r m a t u r i t y i n some var ie -
ties a t o thers , we received g ra i n y ie ld da ta f r o m
o n l y seven loca t ions . V A 110, V A 130 ( I N I A
con t ro l s ) , and I C - C I 4 were the best p e r f o r m e r s ,
I C - C I 4 has the a d d i t i o n a l advan tage o f wh i t e
gra ins su i tab le f o r h u m a n c o n s u m p t i o n . T h e
I C R I S A T P r o g r a m a t C I M M Y T has a lso deve-
loped a w h i t e - g r a i n va r ie ty B T P 28, tha t c o u l d
be used f o r d i rec t h u m a n c o n s u m p t i o n . B T P 28
is n o w in the f i n a l stages o f tes t ing w i t h the
n a t i o n a l p r o g r a m .
I N I A i s concerned w i t h the need to s t rengthen
research ac t iv i t ies in the h i g h l a n d d r y areas o f
M e x i c o where there are at least 1 m i l l i o n ha of
l and po ten t i a l l y sui ted t o s o r g h u m a n d m i l l e t .
I n a d d i t i o n t o o u r w o r k w i t h I N I A w e are a lso
closely i n v o l v e d w i t h the C o m i s i o n L a t i n o a m e r -
icana de Inves t igadores en S o r g o ( C L A I S ) , a 
g r o u p establ ished in 1982 f o l l o w i n g a mee t ing in
G u a t e m a l a , t o c o o r d i n a t e s o r g h u m ac t iv i t ies
w i t h p a r t i c u l a r reference to the sma l l f a r m e r i n
the reg ion . I n 1983 C L A I S met i n H o n d u r a s t o
rev iew the i r ac t iv i t ies and m a k e p lans f o r the
f u t u r e . C L A I S does no t replace the o n g o i n g
n a t i o n a l p r o g r a m research ac t i v i t ies , bu t c o m -
p lements t h e m by d i v i d i n g reg iona l research
act iv i t ies in d i f fe ren t d isc ip l ines a m o n g the
m e m b e r coun t r i es . I C R I S A T staf f are i nvo l ved
in adv i s i ng n a t i o n a l research i ns t i t u t i ons in the
reg ion on research p l a n n i n g and e x e c u t i o n .
These c o l l a b o r a t i v e e f fo r ts are c o o r d i n a t e d
t h r o u g h C L A I S .
I C R I S A T ' s i m m e d i a t e i m p a c t i n C e n t r a l
A m e r i c a has been in the l o w l a n d s and a t in te r -
media te e levat ions. Eve ry year we generate new
breed ing m a t e r i a l a t a l l stages and m a k e t h e m
ava i lab le to coope ra to rs . These b reed ing mate -
r ials are in use in the n a t i o n a l p r o g r a m s of
C o l o m b i a , Costa R i c a , the D o m i n i c a n R e p u b -
l ic , E c u a d o r , E l Sa lvao r , G u a t e m a l a , H a i t i ,
H o n d u r a s , M e x i c o , N i c a r a g u a , P a n a m a , Vene-
zuela, a n d o the r S o u t h A m e r i c a n coun t r i es .
To date we have been successful in the f o l l o w -
ing coun t r ies w i t h var ie ta l releases der i ved f r o m
I C R I S A T breed ing m a t e r i a l .
E l Salvador. 1S1AP D o r a d o ( M 91057 x 
M 90950) w h i c h was iden t i f i ed by the n a t i o n a l
p r o g r a m us ing I C R I S A T b reed ing m a t e r i a l and
has n o w been released and is in p r o d u c t i o n by a 
p r i va te seed c o m p a n y . Th i s va r ie t y is w ide l y
adop ted f r o m M e x i c o t o S o u t h A m e r i c a . San
M i g u e l 1 was released fo r use by sma l l f a rmers
w h o use s o r g h u m and maize in associated c r o p -
p i n g systems.
Guatemala . T w o I C R I S A T var ie t ies , I C T A -
C 2 5 ( M 9 0 9 7 5 ) and I C T A - C 2 1 ( M 9 1 0 5 7 ) w i l l
be released in the near f u t u r e ( F i g . 13).
H a i t i . M 62641 ( S C 108 x CS 354) E 15-5 has
s h o w n excel lent a d a p t a t i o n i n H a i t i . T h e
n a t i o n a l p r o g r a m i n c o l l a b o r a t i o n w i t h the
U S A I D T i t l e X I I C o l l a b o r a t i v e Research S u p -
p o r t P r o g r a m o n S o r g h u m a n d Pear l M i l l e t
( I N T S O R M I L ) have i nc reased seed f o r
d i s t r i b u t i o n .
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Figure 13. Food-type sorghum variety M91057
( ICTA-C21) that is nearing release in Guatemala.
Honduras . T h e n a t i o n a l p r o g r a m released
T o r t i l l e r o 1 in 1983, b u t e x p e r i m e n t a l results in
1984 ind ica ted tha t VG 146 is super io r to T o r t i l -
lero 1 in y ie ld and g ra in q u a l i t y and m a y replace
T o r t i l l e r o 1 in 1985.
M e x i c o . I S I A P D o r a d o has been tested i n
M o r e l o s f o r the last 3 years a n d has been s h o w n
to ou ty ie ld the tempera te hyb r i ds in the area by
1000 kg ha
- 1
. I N I A decided to release th is va r ie ty
and the p r o d u c t i o n d e p a r t m e n t o f P R O N A S E i s
increas ing i t on 20 ha. I C R I S A T ma te r i a l i s a lso
in intensive test ing under t r o p i c a l ra in fed c o n d i -
t ions i n sou the rn M e x i c o .
Nicaragua. S E P O N 77 ( P R 113-114) has been
released by the I N I A P as N icaso r a n d is in
p r o d u c t i o n .
Venezuela. T h e na t i ona l p r o g r a m , has a l ready
released t w o I C R I S A T var iet ies (T x 954052 x 
CS 35411)-15-6 a n d (SC108 -3 x CS 3 5 4 1 ) - 2 9 - l ,
w h i c h are i n c o m m e r c i a l p r o d u c t i o n . Resul ts i n
1983 ind ica ted tha t S E P O N 77 is o u t y i e l d i n g
these t w o var ie t ies , and w i l l be p roduced on a 
large scale by the n a t i o n a l p r o g r a m th is year.
We have a new seed store to h o l d accessions of
genotypes k n o w n to be o f special va lue as sour -
ces o f ce r ta in des i rable t ra i t s , and to m a i n t a i n
suf f ic ient quan t i t i es o f these to p r o v i d e seed to
reg iona l coopera to rs on request.
Agronomy
I n the h igh lands o f M e x i c o I C R I S A T ' s research
has demons t ra ted the need to o b t a i n s o r g h u m
variet ies tha t m a t u r e in less t h a n 140 days, and
tha t can be w ide l y adap ted in a var iab le temper -
ate e n v i r o n m e n t . Th is v a r i a t i o n in env i r onmen ts
is exemp l i f i ed in F igu re 14 w h i c h shows the
g r o w t h stages o f three h i gh l and var iet ies in rela-
t i o n t o r a i n f a l l , g row ing-degree days, and f ros t -
free pe r i od a t t w o loca t ions in the va l ley o f
M e x i c o . T u l a n t o n g o , 2240 m, has an average
242 f ros t - f ree days and 699 mm to ta l a n n u a l
r a i n f a l l . Temasca lapa , 2100 m, has 235 f ros t - f ree
days and 715 mm t o t a l annua l r a i n f a l l . T h e l o n g
per iod between the last f ros t and p lan t emer-
gence (3 m o n t h s ) , res t r i c t ing the ef fect ive length
of the g r o w i n g season, is a ser ious l i m i t a t i o n to
d r y l a n d agr i cu l t ure i n the area. A t T u l a n t o n g o
in 1984 there were 163 f ros t - f ree days a f ter the
s o r g h u m emerged, bu t o n l y 142 a t Temasca lapa .
The most i m p o r t a n t fac to r i n d e t e r m i n i n g y ie ld
was a 23-day delay in the k i l l i n g f ros t a t T u l a n -
t o n g o , thus enab l i ng var iet ies VA 110 and I C - C I
4 to a t t a i n phys io log ica l m a t u r i t y . G r a i n y ie lds
f o r the t w o loca t ions are s h o w n in Tab le 45.
M u l t i l o c a t i o n a l tes t ing o f l o w l a n d var iet ies i n
the sou the rn l ow lands o f M e x i c o has helped
iden t i f y super io r genotypes w i t h y ie lds above
4000 kg ha
- 1
 unde r d r y l a n d cond i t i ons . One var -
iety ( I S I A P D o r a d o ) w i l l be released sho r t l y .
F ie ld test ing o f var iet ies i n Gua tema la a n d N i c a -
ragua have led to p r e l i m i n a r y steps f o r the
release of three var iet ies by the n a t i o n a l
p rog rams .
In H o n d u r a s we s tud ied the response o f three
loca l pho tosens i t i ve var iet ies whose c r o p cycle
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Table 45. Grain yields (kg ha
-1
) of three sorghum
varieties at two locations in the valley of Mexico,
1984.
Grain yield (kg ha
-1
)
Variety Tulantongo Temascalapa
V A 110
IC-C I 4 
IC-CI 6 
SE
4160
2350
670
1
±950
450
220
-
2
±140
1. Values not included in calculation of SE.
2. No grain yield, plants did not mature.
lasts 8 m o n t h s , unde r n i t r ogen fe r t i l i ze r and
p lan t -dens i t y t rea tments . O u r results showed
t h a t the 83 x 83 cm spac ing used by fa rmers
shou ld no t be changed f o r these t a l l , leafy geno-
types. N i t r o g e n a p p l i c a t i o n a t 25 days a f te r
emergence ( D A E ) o r a t f l o r a l i n i t i a t i o n had the
same effect on p lan t he ight and g r a i n y i e l d .
Stud ies o f the effects o f p l a n t i n g dens i ty and
l o w levels o f n i t r ogen fe r t i l i ze r on the p r o d u c t i v -
i t y o f t w o i m p o r t a n t c r o p p i n g systems were c o n -
duc ted in G u a t e m a l a . F o r t y kg N h a
- 1
 app l i ed a t
s o w i n g , t o i m p r o v e d nonpho tosens i t i ve var iet ies
of s o r g h u m in a ma i ze - so rghum relay system
Figure 14. Growth stages of three highland sorghum varieties in relation to rainfall, growing degree days, and
frost-free period. Tulantongo and Temascalapa, Mexico, 1984.
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I C R I S A T scientist studying m a i z e / s o r g h u m / b e a n intercropping t r ia l , G u a t e m a l a , 1984.
Tab le 4 6 . C o m p a r i s o n of sorghum grain yields ( k g
h a
- 1
) and economic returns f r o m t w o cropping sys-
tems. La Pozas , G u a t e m a l a , 1984.
G r a i n y ie lds a n d
e c o n o m i c r e t u rns
C r o p p i n g systems
S1
1
 S2
2
G r a i n y ie lds ( k g h a
- 1
)
M a i z e
Beans
S o r g h u m
3200 ( ± 2 5 0 )
3
1 8 0 0 (±340)
650 (±130)
2380 (±180) 1000 (±150)
E c o n o m i c r e t u r n s
D i r e c t costs ( U S $ ha
- 1
)
Gross r e t u r n ( U S $ )
N e t r e t u r n ( U S $ )
R e t u r n o n inves ted
c a p i t a l (%)
435 499
1036 887
601 388
138 78
1. S 1 = m a i z e + p h o t o s e n s i t i v e s o r g h u m s o w n 25 d a y s l a te r .
2 . S 2 = m a i z e i n t e r c r o p p e d w i t h beans ( P h a s e o l u s vulgaris 
+ i m p r o v e d n o n p h o t o s e n s i t i v e s o r g h u m i n r e l a y .
3 . S E va lues i n pa ren theses .
increased the g ra i n y ie ld o f s o r g h u m by m o r e
t h a n 4 2 % c o m p a r e d to the loca l f a rmers ' system
where fer t i l i zer is no t app l i ed to the re lay c r o p . A 
c o m p a r i s o n o f the t w o systems in te rms o f g r a i n
y ie ld and economic re turns is presented in T a b l e
46. T h e mean s o r g h u m y ie ld o f 1000 kg ha
- 1
 f o r
i m p r o v e d var iet ies in S2 c o m p a r e d to S1 was very
l o w due to d r o u g h t d u r i n g the shor t c r o p cycle.
We establ ished a c o m m o n c r o p p i n g system
t r i a l as pa r t o f the C L A I S research p r o g r a m . T h e
t r i a l was g r o w n i n f ive coun t r ies ( E l Sa l vado r ,
G u a t e m a l a , H o n d u r a s , M e x i c o , and N i ca ragua )
t o evaluate the most su i tab le I C R I S A T l o w l a n d
var ie t ies, a n d to i den t i f y the fac to rs l i m i t i n g to
p r o d u c t i o n and use o f loca l pho tosens i t i ve
so rghums. We f o u n d t w o c r o p p i n g systems, S 1
and S 2 (Tab le 46) , to be the mos t pe r t i nen t f o r
the reg ion . F u t u r e research w i l l seek to i m p r o v e
the i r p r o d u c t i v i t y .
-
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Train ing
I n a d d i t i o n t o b reed ing and a g r o n o m i c ac t iv i t ies
l C R I S A T staf f are i nvo l ved i n t r a i n i n g L a t i n
A m e r i c a n scientists i n s o r g h u m i m p r o v e m e n t
and p r o d u c t i o n . To date we have t ra ined 27
scientists w h o have n o w re tu rned to the i r
n a t i o n a l p r o g r a m s and are ac t ive ly i n v o l v e d i n
s o r g h u m research.
D u r i n g 1984 eight scientists f r o m E c u a d o r ,
M e x i c o , N i c a r a g u a , a n d P a n a m a were t ra ined i n
s o r g h u m i m p r o v e m e n t and p r o d u c t i o n a t o u r
reg iona l base a t C l M M Y T . We held an in tens ive
one-week course i n s o r g h u m breed ing a n d p r o -
d u c t i o n f o r 38 pa r t i c ipan ts f r o m d i f fe ren t d i sc i -
p l ines in the i r o w n c o u n t r y a t the request o f the
D o m i n i c a n Repub l i c . I N T S O R M I L and the
n a t i o n a l a g r i c u l t u r a l research p r o g r a m o f the
D o m i n i c a n Repub l i c co l l abo ra ted i n the presen-
t a t i o n o f th is course.
m a t i o n and s o r g h u m g e r m p l a s m f r o m a l l
research p r o g r a m s ; and to p ro jec t the roles o f
L a t i n A m e r i c a n n a t i o n a l p r o g r a m s , I N T S O R -
M I L , and I C R I S A T i n c o n d u c t i n g s o r g h u m
research in the ac id soils e n v i r o n m e n t f o r the
nex t f i ve years.
T h e meet ing inc luded f o r m a l p resenta t ions ,
w o r k i n g g r o u p s , and f ie ld vis i ts t o C I A T e x p e r i -
m e n t a l sites.
Th i rd Regional Workshop of the Eastern
Afr ica Sorghum and Mi l le t Improvement
Network
Th i s w o r k s h o p was held a t M o r o g o r o , T a n z a -
n ia , 5-8 June , 1984. There were 30 pa r t i c i pan t s ,
ha l f o f t h e m f r o m the host c o u n t r y , and others
f r o m E t h i o p i a , K e n y a , R w a n d a , S o m a l i a ,
S u d a n , U g a n d a , and Y e m e n ( P D R ) . A l l p a r t i c i -
pants were act ive w o r k e r s in s o r g h u m and mi l l e t
research. T w e n t y papers were presented, seven
on d i f fe ren t aspects o f the T a n z a n i a n n a t i o n a l
s o r g h u m i m p r o v e m e n t p r o g r a m , the r ema inde r
by c o u n t r y representat ives w h o each repor ted on
the s o r g h u m and mi l le t w o r k i n his c o u n t r y d u r -
ing the 1983/84 c r o p season. T h e results o f the
1983 Eastern A f r i c a C o o p e r a t i v e S o r g h u m
Reg iona l T r i a l s ( E A C S R T ) were presented and
discussed.
T h e m a j o r r ecommenda t i ons o f the w o r k s h o p
were to c o m b i n e several coopera t i ve s o r g h u m
reg iona l t r ia ls in eastern A f r i c a and to in i t i a te in
1985 a special reg iona l s o r g h u m screening
nursery o f b reed ing lines f r o m I C R I S A T Center ,
E t h i o p i a , S A F G R A D / I C R I S A T ( K e n y a ) , T a n -
zan ia , and U g a n d a . T h e proceedings o f th is
meet ing are ava i lab le f r o m the S A F G R A D /
I C R I S A T R e g i o n a l O f f i ce , N a i r o b i , K e n y a . T h e
F o u r t h A n n u a l Reg iona l W o r k s h o p w i l l b e held
in U g a n d a in 1985.
Internat ional Sorghum Entomology
Workshop
W e sponsored j o i n t l y w i t h U S A I D ' s T i t l e X I I
C o l l a b o r a t i v e Research S u p p o r t P r o g r a m o n
S o r g h u m and Pear l M i l l e t ( I N T S O R M I L ) and
Texas A g r i c u l t u r a l E x p e r i m e n t S t a t i o n , Texas
A & M Un i ve r s i t y , a w o r k s h o p a t Texas A & M
Workshops, Conferences,
and Seminars
Workshop on Evaluating Sorghum for
Tolerance to A lumin ium-Tox ic Tropical Soils
in Lat in America
Th i s mee t ing was held 27 M a y to 3 June at the
C e n t r o I n t e r n a c i o n a l d e A g r i c u l t u r a T r o p i c a l
( C I A T ) , C a l i , C o l o m b i a , j o i n t l y sponsored b y
I C R l S A T a n d I N T S O R M I L . I t was a t tended b y
58 pa r t i c i pan ts f r o m the f o l l o w i n g coun t r ies :
B raz i l (7 ) , C o l o m b i a (28) , H o n d u r a s (1) , I n d i a
(2 ) , M e x i c o (2) , Pe ru (3 ) , U S A (7) , a n d Venezu-
ela (8) represent ing n a t i o n a l s o r g h u m p r o g r a m s ,
i n t e r n a t i o n a l centers, i n t e r n a t i o n a l d o n o r agen-
cies f o r techn ica l assistance, un ivers i t ies , co l l a -
bo ra t i ve research s u p p o r t p r o g r a m s , and
c o m m e r c i a l s o r g h u m compan ies .
T h e m a i n object ives o f the w o r k s h o p were to
b r i n g toge ther s o r g h u m breeders, p lan t p h y s i o l -
ogists, and so i l scientists ac t ive ly c o n d u c t i n g A l -
t o x i c t r o p i c a l research; def ine areas in L a t i n
A m e r i c a where A l - t o l e r a n t s o r g h u m cu l t i va rs
w o u l d have the greatest i n i t i a l p r o d u c t i o n and
u t i l i z a t i o n i m p a c t ; discuss the sha r i ng o f i n f o r -
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Un ive rs i t y , U S A , 15-21 Ju l y . T h e mee t ing was
at tended by 35 pa r t i c i pan ts w h o discussed cu r -
rent k n o w l e d g e ava i lab le on s o r g h u m insect
pests and de te rm ined f u t u r e research strategies.
O f the w h o l e insect c o m p l e x associated w i t h
s o r g h u m , shoo t f l y , s tem bore rs , m i d g e , and
head bugs were i den t i f i ed as the m o s t i m p o r t a n t .
Proceedings i n c l u d i n g the papers presented a n d
w o r k s h o p r e c o m m e n d a t i o n s are in press a n d
w i l l be ava i lab le f r o m I n f o r m a t i o n Services,
I C R I S A T .
Sorghum Field Days
A vis i t was o rgan ized at I C R I S A T Center 25-27
September to enable scientists f r o m n a t i o n a l
p r o g r a m s to observe o u r i m p r o v e d screening
techniques and b reed ing m a t e r i a l , and to select
var iet ies o f interest to t h e m . Pa r t i c i pan ts came
f r o m I n d i a , K e n y a , Pak i s t an , and Z i m b a b w e .
W o r k i n g Group Meet ing on Cereal Ni t rogen
Fixat ion
A w o r k i n g g r o u p meet ing on cereal n i t r o g e n
f i x a t i o n was he ld f r o m 9-12 O c t o b e r a t I C R I -
S A T Center . T w e n t y - o n e scientists represent ing
I C A R , I n d i a n Un ivers i t ies , and o ther G o v e r n -
ment o f I n d i a research o rgan iza t i ons p a r t i c i -
pated in the mee t ing , toge ther w i t h seven
members o f I C R I S A T staff. E igh teen papers
cove r i ng cu r ren t research f i nd ings and p lans f o r
f u t u r e w o r k by d i f f e ren t research g roups were
presented i n the m a i n sessions. I n a d d i t i o n to
these w o r k i n g sessions, there were special ses-
sions on me thods o f measu r i ng n i t r o g e n f i x a t i o n
associated w i t h cereals, me thods o f e n u m e r a t i n g
and q u a n t i f y i n g n i t r o g e n - f i x i n g bac te r ia , and on
c rop responses t o f i e ld i n o c u l a t i o n w i t h
n i t r o g e n - f i x i n g bacter ia . In a c o n c l u d i n g ses-
s i on , the pa r t i c i pan ts emphas ized the need f o r
m o r e s tanda rd i zed , u n i f o r m techn iques f o r
q u a n t i f i c a t i o n studies, a n d m o r e app l i ed f ie ld
w o r k a t d i f fe ren t geograph ic l oca t ions . T h e y
also iden t i f i ed o the r p r i o r i t y areas f o r w o r k on
cereal n i t r ogen f i x a t i o n . T h e proceed ings are i n
p r e p a r a t i o n and w i l l be ava i lab le f r o m I n f o r m a -
t i o n Services, I C R I S A T .
S A D C C / I C R I S A T Regional Workshop
A w o r k s h o p was held in H a r a r e , Z i m b a b w e ,
22-25 O c t o b e r , t o make p lans f o r w o r k i n
1984/85 and to beg in genera t ing i n f o r m a t i o n
relevant t o s o r g h u m and m i l l e t i n the S A D C C
reg ion . S o r g h u m and m i l l e t w o r k e r s represent -
i n g a range o f d isc ip l ines f r o m a l l S A D C C c o u n -
tr ies except A n g o l a and Swaz i l and a t tended .
Th i rd Annua l Meet ing o f C L A I S
C o o r d i n a t e d and f unded b y I C R I S A T , th is
meet ing was he ld in San Sa lvado r , E l S a l v a d o r ,
18-24 N o v e m b e r . T h e C L A I S reg iona l n e t w o r k
research act iv i t ies were rev iewed and f u t u r e
strategies a n d p r o g r a m s f i na l i zed . F u t u r e
C L A I S f u n d i n g was discussed and a p r o p o s a l
f o r m u l a t e d . T h e 40 pa r t i c i pan ts f r o m 11 c o u n -
tr ies in the reg ion also had an o p p o r t u n i t y to
discuss the host na t ion ' s n a t i o n a l p r o g r a m
research. Cop ies o f the meet ing 's repo r t are
ava i lab le f r o m the I n t e r n a t i o n a l C o o p e r a t i o n
P r o g r a m , I C R I S A T .
Regional Workshop on Sorghum Research
and Improvement in West Afr ica
I C R I S A T organ ized a reg iona l w o r k s h o p i n
O u a g a d o u g o u , B u r k i n a Faso, f r o m 27-30
N o v e m b e r . T h e ob jec t ive was to p r o v i d e an
o p p o r t u n i t y f o r s o r g h u m researchers to discuss
p r o d u c t i o n p rob lems and cons t ra in ts w i t h the
u l t i m a t e goa l o f es tab l i sh ing an ef fect ive
s o r g h u m research n e t w o r k in the reg ion .
N a t i o n a l research p r o g r a m s o f B e n i n , B u r -
k i n a Faso , C e n t r a l A f r i c a n R e p u b l i c , C h a d ,
G a m b i a , G h a n a , G u i n e a , Gu inea -B issau , I v o r y
Coas t , M a l i , M a u r i t a n i a , N ige r , N i g e r i a , Sene-
g a l , and T o g o were represented. Researchers
f r o m the C I L S S In teg ra ted Pest C o n t r o l P r o -
jec t , I ns t i t u te d u Sahe l , S A F G R A D , I C R I S A T
Center , and I C R I S A T C o o p e r a t i v e P r o g r a m s i n
A f r i c a a lso pa r t i c i pa ted .
T h e w o r k s h o p was i naugu ra ted by the Secre-
t a r y Genera l o f the M i n i s t r y o f Sc ien t i f i c
Research and H i g h e r E d u c a t i o n o f the G o v e r n -
men t o f B u r k i n a Faso. Facets o f I C R I S A T ' s
76 Sorghum 
Part ic ipants of the Regiona l W o r k s h o p on S o r g h u m Research and I m p r o v e m e n t in West Af r ica visiting a village
near Kamboinse . In the foreground are heads of F r a m i d a , a Sir ica-resistant sorghum cult ivar.
t r a i n i n g and research act iv i t ies were presented
together w i t h a n 1 C R I S A T repo r t o n the con tex t
and ro le o f the S o r g h u m Research N e t w o r k i n
West A f r i c a . These were f o l l o w e d by papers
f r o m the n a t i o n a l and i n t e r n a t i o n a l o rgan i za -
t ions a t t e n d i n g . On the f i n a l day , pa r t i c i pan ts
v is i ted a nearby v i l lage to see aspects of o n - f a r m
act iv i t ies o f the I C R 1 S A T scientists loca ted a t
K a m b o i n s e .
T h e w o r k s h o p r e c o m m e n d a t i o n s covered a l l
areas o f s o r g h u m research ( c r o p i m p r o v e m e n t ,
a g r o n o m y , a n d s o c i o e c o n o m i c s ) , m a n - p o w e r
needs, d o c u m e n t a t i o n , and i n f o r m a t i o n d i ssemi -
n a t i o n . T h e ef fect ive c o o p e r a t i o n o f a l l i n te r -
es ted o r g a n i z a t i o n s i n t h e r e g i o n w a s
emphas ized . I t was also r ecommended t ha t
l C R I S A T serve to coo rd i na te the ac t iv i t ies o f a 
p roposed n e t w o r k system f o r the reg ion w i t h the
help o f a n a d v i s o r y c o m m i t t e e .
F i r s t N a t i o n a l S o r g h u m W o r k s h o p o f M e x i c o
Hos ted by the Un ive rs i t y N u e v o L e o n a t M a v i n ,
M e x i c o , the meet ing was c o o r d i n a t e d j o i n t l y by
I C R I S A T staff , the M e x i c a n n a t i o n a l p r o g r a m ,
and the Un i ve rs i t y o f N u e v o L e o n . T w o h u n d r e d
and ten pa r t i c i pan ts a t tended f r o m g o v e r n m e n -
t a l , e d u c a t i o n a l , and p r i va te i ns t i t u t i ons i n M e x -
ico and the U S A . T h e y rev iewed s o r g h u m
research in M e x i c o a n d de f ined f u t u re research
needs and p r io r i t i es .
Looking Ahead
Physical stresses. We w i l l c o n t i n u e to s tudy the
u n d e r l y i n g mechan isms associated w i t h resis-
tance to e n v i r o n m e n t a l stress. Basic research on
b i o c h e m i c a l fac to rs a f fec t ing c r o p es tab l i shment
Sorghum 11 
and mid-season d r o u g h t resistance w i l l be i n t e n -
si f ied in c o l l a b o r a t i v e research w i t h the Overseas
D e v e l o p m e n t A d m i n i s t r a t i o n ( O D A ) - f u n d e d
scientists f r o m the W e l s h P l a n t B reed ing S ta -
t i o n , A b e r y s t w y t h , a n d the Un i ve r s i t y o f N o t -
t i n g h a m , U K .
Biotic stresses. In f u t u r e , w h e n the necessary
H P L C e q u i p m e n t i s o b t a i n e d , we w i l l use the
ergos tero l assay m e t h o d to r o u t i n e l y screen
breed ing m a t e r i a l f o r m o l d resistance. W e w i l l
ca r r y o u t de ta i led studies on the h i s t o p a t h o l o g y
o f g r a i n i n f ec t i on and c o l o n i z a t i o n b y m o l d
f u n g i , a n d the ro le o f va r i ous fac to rs on resis-
tance. We w i l l a lso invest igate the h i s t o p a t h -
o logy o f seed i n f ec t i on and t r ansm iss i on o f
diseases f o r d o w n y m i l d e w and an th racnose . W e
w i l l c o n t i n u e w i t h studies on the i n t e r a c t i o n o f
r o o t and sta lk ro t pa thogens , d r o u g h t stress, and
s o r g h u m genotypes.
We hope to comp le te screening the r e m a i n i n g
g e r m p l a s m co l l ec t i on f o r resistance t o shoo t f l y
and p r o d u c e a f i n a l repo r t on i den t i f i ed shoo t
f l y - res is tan t sources and the resistance mecha -
nisms i n v o l v e d . We w i l l c o n t i n u e t o i den t i f y and
s t reng then sources o f resistance to s tem bo re r ,
m i d g e , and head bugs. Research on s tem b o r e r
and head b u g b e h a v i o r i n r e l a t i on to the i r host
w i l l be c o n t i n u e d .
M i c r o b i a l associations. We w i l l screen m o r e
stra ins o f n i t r o g e n - f i x i n g bac ter ia i n the g reen-
house to i den t i f y m o r e e f f ic ient n i t r o g e n - f i x i n g
bacter ia f o r i n o c u l a t i o n responses u n d e r f ie ld
tes t ing . We w i l l s tudy responses o f d i f f e ren t c u l -
t i va rs t o i n o c u l a t i o n w i t h n i t r o g e n - f i x i n g bacte-
r ia i n f ie lds t reated w i t h f a r m y a r d m a n u r e . W e
w i l l c o n t i n u e
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N-based expe r imen ts to s tudy
n i t r o g e n f i x a t i o n i n d i f f e ren t l ines, and l o n g -
t e r m n i t rogen-ba lance expe r imen ts i n the f i e l d .
We w i l l ex tend the s tudy on geno type depen -
dence o f V AM c o l o n i z a t i o n rates a n d responses
by c o n d u c t i n g t r ia ls ou ts ide 1 C R I S A T Center .
W e w i l l s tudy V A M ' s c o n t r i b u t i o n t o inc reas ing
u t i l i z a t i o n o f r o c k phospha te b y p lan ts i n the
f i e l d . We w i l l c o n t i n u e t o s tandard ize the b leed-
i n g sap p h o s p h o r u s techn ique f o r screening
V A M f u n g i .
Plant improvement . W e w i l l c o n t i n u e t o g ive
h i g h p r i o r i t y t o the deve lo pmen t o f m u l t i f a c t o r -
resistant p o p u l a t i o n s i n i t i a ted in 1984. These
p o p u l a t i o n s are be ing c o m p o s i t e d in such a 
m a n n e r t h a t the p o p u l a t i o n s f o r m e d have c o n -
s iderab le genet ic v a r i a t i o n f o r the t ra i ts r e q u i r -
i n g i m p r o v e m e n t . Once these p o p u l a t i o n s have
been deve loped , they w i l l be r a n d o m m a t e d 3 to
4 t imes w i t h m i l d se lect ion be fore they are sub -
jected to recur ren t se lect ion.
W e w i l l eva luate the c o m b i n i n g a b i l i t y o f o u r
new male-s ter i le l ines a n d d i s t r i bu te the mos t
p r o m i s i n g ones to n a t i o n a l p r o g r a m s f o r use in
the p r o d u c t i o n o f adap ted h y b r i d s . W e w i l l c o n -
t i nue to search the g e r m p l a s m c o l l e c t i o n f o r
ent r ies t ha t are able to restore f e r t i l i t y o f
n o n m i l o - c y t o p l a s m m a l e s te r i l es . A t the
m o m e n t , the c o m m e r c i a l use o f ava i lab le n o n -
m i l o ma le steri les i s l i m i t e d because they do n o t
yet have restorers.
In ternat ional testing. I n f u t u r e , w e w i l l c o n -
d u c t i n t e r n a t i o n a l a d a p t a t i o n t r ia ls on a b i a n -
n u a l basis. We bel ieve tha t th is i s conven ien t a n d
usefu l as i t w i l l g ive us a m p l e t ime to receive a n d
analyze da ta o f p rev ious i n t e r n a t i o n a l t r ia ls
be fo re d i s p a t c h i n g new sets o f i n t e r n a t i o n a l
t r i a l s . O u r nex t i n t e r n a t i o n a l a d a p t a t i o n t r ia ls
w i l l be d i s t r i b u t e d ear ly in 1985 to reach o u r
coope ra to r s i n t ime f o r s o w i n g a t the b e g i n n i n g
o f t he i r r a i n y seasons.
In ternat ional Cooperat ion
Burk ina F a s o . O n - f a r m t r ia ls w i l l c o n t i n u e ,
b o t h i n the I S S N and those managed b y o u r
researchers. In tens ive screening o f new cu l t i va r s ,
p a r t i c u l a r l y those w i t h the l o w Striga s t i m u l a -
t i o n t r a i t , w i l l be u n d e r t a k e n to i d e n t i f y new
sources o f resistance. We w i l l unde r t ake f u r t h e r
i m p r o v e m e n t o f such p r o m i s i n g b reed ing l ines
as I C S V 1002 H V , and 1CSV 1006 H V . S t r e n g -
t h e n i n g o f resistance t h r o u g h gene p y r a m i d i n g
w i l l be in tens i f i ed .
W e w i l l screen va r i ous c rops t o i d e n t i f y p o t e n -
t i a l Striga t r a p c rops a n d w i l l beg in a s tudy o f the
i n t e r a c t i o n be tween t e m p e r a t u r e , s o r g h u m
g r o w t h stages, a n d Striga seed g e r m i n a t i o n a n d
emergence.
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M o r e emphas is w i l l be p laced on the eva lua -
t i o n o f l oca l genet ic resources, and on the i d e n t i -
f i c a t i o n o f super io r landraces possessing speci f ic
resistance t ra i t s against p r e v a i l i n g b i o t i c and
a b i o t i c fac to rs tha t reduce a n d destab i l i ze y i e l d .
Such landraces can be a p p r o p r i a t e l y used in the
breed ing p r o g r a m to generate usefu l l ines
adap ted to the d i f f e ren t eco log ica l zones in the
reg ion .
We w i l l concen t ra te on the pre-release tes t ing
o f p r o m i s i n g m a t e r i a l , a n d deve lop w i t h
n a t i o n a l p r o g r a m s and o the r c o o p e r a t o r s , ne t -
w o r k s o f m u l t i l o c a t i o n a l tes t ing and o n - f a r m
research capab i l i t i es .
M a l i . D u r i n g the last 5 years we have ga thered
su f f i c ien t a g r o n o m i c i n f o r m a t i o n o n i m p r o v i n g
cerea l / ce rea l and ce rea l / l egume i n t e r c r o p p i n g
systems w i t h ava i lab le cereal and legume c u l t i v -
ars. Present ly these f i nd ings on a g r o n o m i c fac-
to rs such as f e r t i l i t y r e q u i r e m e n t , c r o p dens i t y ,
t i m e o f p l a n t i n g a n d ha rves t ing , etc. , are be ing
c o m b i n e d to deve lop packages o f pract ices f o r
f u r t h e r e v a l u a t i o n . Large scale tes t ing o f these
o p t i o n s i n c o m p a r i s i o n w i t h the ex i s t i ng p r a c t i -
ces are p lanned fo r the 1985 g r o w i n g season.
F u t u r e research w i l l focus on new systems tha t
were no t s tud ied ear l ier . S o r g h u m o r m i l l e t w i t h
g r o u n d n u t are i m p o r t a n t i n t e r c r o p p i n g systems
p a r t i c u l a r l y in g r o u n d n u t zones. P igeonpea is a 
r ecen t l y - i n t r oduced p r o m i s i n g legume c r o p .
O t h e r a g r o n o m i c research d u r i n g 1985 w i l l
i nc lude c o l l a b o r a t i v e research w i t h M a l i a n
n a t i o n a l a g r o n o m i c p r o g r a m s o n so i l and wa te r
m a n a g e m e n t and e v a l u a t i o n o f a l t e rna t i ve t rac -
t i o n e q u i p m e n t . S tud ies o n weed c o n t r o l , p a r t i c -
u l a r l y on Striga, w i l l a lso receive c o n s i d e r a t i o n .
O u r b reed ing p r o g r a m s i n M a l i a n d o the r
loca t ions in West A f r i c a are at a stage of releas-
i n g new cu l t i va rs . Some were eva lua ted f o r t he i r
a g r o n o m i c p e r f o r m a n c e i n 1984. M o r e s o r g h u m
cu l t i va rs f r o m M a l i a n d o the r b reed ing p r o -
g rams w i l l be f u r t h e r eva lua ted b o t h u n d e r sole
and i n t e r c r o p p i n g . S tud ies t o e x a m i n e the i r
response to v a r y i n g levels o f a g r o n o m i c i n p u t s
w i l l be s t regn thened.
S A D C C / I C R I S A T P r o g r a m . We w i l l c o n -
t i nue i n t r o d u c t i o n a n d p r e l i m i n a r y e v a l u a t i o n a t
f i ve research s ta t ions , one each in B o t s w a n a ,
M a l a w i , T a n z a n i a , Z a m b i a , and Z i m b a b w e .
T h e va r ie ta l i m p r o v e m e n t p r o g r a m w i l l b e
i n i t i a l l y s t rengthened by pedigree b reed ing . I n
f u t u r e years we w i l l cons ider recur ren t se lect ion
procedures . W e w i l l deve lop b o t h w h i t e - and
red -g ra in var ie t ies su i tab le f o r m a k i n g t h i ck p o r -
r idge a n d opaque beer.
W e w i l l f u r t h e r c o n f i r m the mos t i m p o r t a n t
y i e l d - l i m i t i n g t r a i t s , a n d i den t i f y the best l oca -
t ions i n the reg ion f o r screening. W e w i l l c o n -
t i nue to d i ve rs i f y and select seed parents f o r
h y b r i d s , i d e n t i f y g o o d seed and p o l l i n a t o r par -
ents, and encourage the c o m m e r c i a l use of F1
h y b r i d s by f a rmers i n the reg ion .
W e w i l l increase o u r c o n t r i b u t i o n i n s u p p o r t
o f the research fac i l i t ies in n a t i o n a l p r o g r a m s
re lated to s o r g h u m and mi l le ts as o u r base a t
M a t o p o s takes shape. T h e f i r s t m a j o r e f fo r t w i l l
be the d e v e l o p m e n t , j o i n t l y w i t h the D e p a r t m e n t
of Research and Specia l Serv ices, of a 6-8 ha
research s ta t i on w i t h an assured source o f wa te r
a t M z a r a b a n i Estate i n Z i m b a b w e f o r t r ia ls i n
f u t u r e of f -seasons, since c r o p g r o w t h was n o r -
m a l f o r b o t h o f f -season c rops a t t ha t estate i n
1984.
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P E A R L M I L L E T
Nineteen h u n d r e d and e igh ty f o u r has been , i n
several ways , an encou rag ing year i n I C R I S A T ' s
e f fo r ts t o i m p r o v e and ex tend research on pea r l
m i l l e t , p a r t i c u l a r l y o n the A f r i c a n c o n t i n e n t .
T h e d r o u g h t c o n d i t i o n s i n the Sahel p r o v i d e d an
o p p o r t u n i t y to eva luate o u r mater ia ls in as d r y a 
year as we can expect in th is area. Var ie t ies
deve loped b y I C R I S A T scientists i n c o o p e r a t i o n
w i t h n a t i o n a l p r o g r a m s m a i n t a i n e d the same
advantage over f a rmers ' l oca l var iet ies unde r
d r o u g h t c o n d i t i o n s (and a t reduced y ie ld levels)
tha t they had in p rev ious years under bet ter
r a i n f a l l . These var iet ies have n o w been released
in three coun t r ies (Senegal , N ige r , and Sudan) .
A t the I C R I S A T Sahel ian Center ( I S C ) where
the a n n u a l r a i n f a l l o f 265 mm was the lowest on
record th is cen tu ry , near ly 8 0 % o f the b reed ing
mater ia ls p roduced at least some g r a i n , suggest-
i n g tha t I C R I S A T has the genet ic base to p r o -
duce var iet ies w h i c h w i l l p r o v i d e bet ter y i e ld
s tab i l i t y in the f l u c t u a t i n g r a i n f a l l o f the Sahel .
Pear l m i l l e t research a t the I S C has progressed
to a level where b reed ing p r o d u c t s w i l l be eva lu -
ated a t loca t ions i n M a l i and N ige r beg inn i ng i n
1985.
I C R I S A T also began w o r k o n m i l l e t i m p r o v e -
men t in sou the rn A f r i c a , as pa r t o f the S o u t h e r n
A f r i c a n D e v e l o p m e n t C o o r d i n a t i o n Confe rence
( S A D C C ) / I C R I S A T S o r g h u m a n d M i l l e t
I m p r o v e m e n t P r o g r a m centered i n B u l a w a y o ,
Z i m b a b w e . Observa t ions on the f i rs t p lan t i ngs
gave u s hope t ha t mater ia ls f r o m I C R I S A T C e n -
ter w i l l be mo re d i rec t l y useful in th is reg ion t h a n
they are i n Sahe l ian A f r i c a , and tha t the S A D C C
pro jec t can d r a w heav i ly on b reed ing w o r k i n
I nd ia .
I C R I S A T open -po l l i na ted var ie t ies, b o t h syn -
thet ics and p o p u l a t i o n var ie t ies, c o n t i n u e d to do
very we l l i n A l l - I n d i a C o o r d i n a t e d T r i a l s and i n
m i n i k i t t r ia ls o n f a rmers ' f ie lds. Acreage o f W C -
C75 expanded r a p i d l y to n ine states th is year
w i t h an es t imated coverage o f a t least 300 000 ha ,
and prospects f o r a w ide acceptance of th is va r -
ie ty seem b r i g h t . In o u r research f ie lds , m o r e
e f fo r t is be ing p u t i n t o b u i l d i n g a bet ter base f o r
f u t u r e b reed ing o f F 1 h y b r i d s . We are m a k i n g
m a n y m o r e crosses speci f ica l ly f o r the p r o d u c -
t i o n o f new male-ster i le l ines, m a k i n g m o r e sys-
temat i c e f fo r ts to select el i te p o l l i n a t o r s f o r these
male-ster i le l ines, and inves t ing m o r e e f fo r t i n t o
breed ing resistance to smut and e rgo t , as we l l as
d o w n y m i l d e w i n t o h y b r i d parents .
We also feel t ha t we are m a k i n g steady p r o -
gress in unde rs tand ing the basis of geno type
a d a p t a t i o n to some o f the l i m i t a t i o n s to c r o p
y ie ld a r i s ing f r o m the d i f f i c u l t c l ima t i c and eda-
ph ic env i r onmen ts in w h i c h the c r o p i s g r o w n .
W h i l e we are no t yet ready to beg in large-scale
breed ing f o r a d a p t a t i o n to these l i m i t a t i o n s , we
are beg inn ing p i lo t -sca le select ion expe r imen ts
w h i c h w i l l te l l us whe the r b reed ing fo r a d a p t a -
t i o n t o l o w soi l f e r t i l i t y , d r o u g h t , and o the r c o n -
st ra ints is possib le.
These and o ther projects are descr ibed in the
f o l l o w i n g pages. Research in the t w o m a i n core
p r o g r a m s , I C R I S A T Center and the I S C , are
descr ibed together in the f i rs t sect ion o f the
repo r t , and research e f for ts a t the n a t i o n a l a n d
reg iona l level are descr ibed under I n t e r n a t i o n a l
C o o p e r a t i o n .
P h y s i c a l S t r e s s e s
C r o p Estab l ishment
Fa i l u re of a c r o p to establ ish is a c o m m o n p r o b -
l e m in m i l l e t g r o w i n g areas. T h e reasons f o r
f a i l u re m a y be m a n y : p o o r g e r m i n a t i o n , p o o r
emergence due to presence of a so i l c rus t , or due
to inadequa te seedbed m o i s t u r e , seedl ing loss
due t o d r o u g h t , h i gh t empera tu re , insect d a m -
age, and diseases. Research on th is p r o b l e m at
I C R I S A T Center focuses o n i m p r o v e m e n t i n
emergence, and w o r k a t the I S C concent ra tes on
i m p r o v i n g su rv i va l o f seedlings a f ter emergence.
84 Pearl Millet 
H i g h Soil Temperature and Seedling
Emergence
O u r studies o n f a r m e r s ' f ie lds i n Ra jas than i n d i -
cated t ha t h i g h so i l t empera tu res ( > 4 0 ° C ) are
one o f the causal fac to rs o f p o o r seedl ing emer -
gence and p o o r c r o p stands. We deve loped a 
techn ique to s tudy the effect o f h i g h so i l t e m p e r -
a tu re o n seedl ing emergence ( I C R I S A T A n n u a l
R e p o r t 1982, p p . 41 -42 ) i n w h i c h n a t u r a l l y -
o c c u r r i n g d i u r n a l changes i n so i l t e m p e r a t u r e
can b e r e p r o d u c e d , wh i l e m a i n t a i n i n g o p t i m u m
seedbed m o i s t u r e f o r g e r m i n a t i o n and emer -
gence. T h i s techn ique a l l ows screening f o r the
a b i l i t y o f seedl ings t o ge rm ina t e a n d emerge
under h i gh so i l t empera tu res (40 -50° C ) , w i t h o u t
the c o m m o n c o n f o u n d i n g effect o f i nadequa te
seedbed m o i s t u r e .
W i t h th is techn ique i t shou ld be poss ib le to
select f o r i m p r o v e d emergence a b i l i t y i f there is
genet ic v a r i a t i o n f o r th is t r a i t i n the g e r m p l a s m .
To assess the p o t e n t i a l v a r i a b i l i t y ava i l ab le , we
screened 117 genet ic resource accessions f r o m
R a j a s t h a n , I n d i a , s ix Sahe l ian coun t r i es , a n d
t w o sou the rn A f r i c a n coun t r i es , us ing d a i l y
m a x i m u m soi l tempera tu res o f 45 and 5 0 ° C (at 2 
c m dep th ) .
Inc reas ing m a x i m u m tempe ra tu re ( f r o m 45 -
50° C) reduced mean percentage emergence f r o m
71 to 3 6 % and the range o f geno type values f r o m
20 to 100% to 0 to 3 0 % ( F i g . 1). A t 50° C o n l y 8%
of the entr ies ach ieved a sa t i s fac to ry (60-80%)
emergence c o m p a r e d to 4 7 % a t 45° C . The re
were, however , c lear d i f ferences a m o n g geno -
types in a b i l i t y to to le ra te a so i l t empe ra tu re o f
5 0 ° C , w h i c h ind icates t ha t se l ec t i on /b reed ing
f o r th is c a p a b i l i t y m a y be possib le.
Seedling Establishment under D r o u g h t Stress
We used a m o d i f i e d l ine-source sp r i nk l e r i r r i g a -
t i o n system to screen f o r d r o u g h t resistance d u r -
ing seedl ing es tab l i shment ( f r o m emergence to
a b o u t 2 0 days a f te r s o w i n g ( D A S ) . T h e i r r i g a -
t i o n g rad ien t was i m p o s e d 7 to 10 D A S a n d
p lants were harvested 30 D A S . Percentage
p lants s u r v i v i n g a n d g r o w t h o f the p lan ts was
l inear w i t h inc reas ing m o i s t u r e as repo r ted ear-
Figure 1 . Frequency d iagram of percentage emer-
gence of pearl mil let seedlings at 45 and 50° C dai ly
m a x i m u m soil surface temperature . Percentages are
means of classes of twenty percentage points. I C R I -
S A T Center , 1984.
l i e r f o r g r a i n y ie lds ( I C R I S A T A n n u a l R e p o r t
1983, p p . 71-73). T h i s imp l ies t ha t a screening
m e t h o d us ing t w o wa te r levels, h i gh a n d l o w , i s
l i ke l y to be as ef fect ive as the l ine-source system.
We are d e v e l o p i n g and tes t ing a screening
m e t h o d us ing t w o m o i s t u r e t rea tmen ts .
O u r results a lso ind ica te tha t there is an
o p t i m a l stress level f o r screening. Excessive ly
severe stress leads to h i gh v a r i a b i l i t y in the p lan t
charac ter unde r obse rva t i on and to loss o f d i s c r i -
m i n a t i v e p o w e r ( F i g . 2). We are n o w e v a l u a t i n g
so i l -wa te r ba lance mode ls to de te rm ine the
a m o u n t o f i r r i g a t i o n wa te r necessary t o o b t a i n
o p t i m u m geno type d i f f e r e n t i a t i o n f o r any
expected evapo ra t i ve d e m a n d .
Seedling Establishment under H i g h Soil
Temperature
T h e techn ique deve loped to screen f o r emer -
gence in h i gh so i l sur face tempera tu res (des-
c r ibed above) was tested as a screen f o r m i l l e t
seedl ing to le rance o f h i g h t e m p e r a t u r e c o n d i -
t i ons . Pots of 10 seedl ings each were subjected to
24 -h , 4 8 - h , o r c o n t i n u o u s hea t ing unde r i n f r a r e d
bu lbs set 52 cm above the so i l sur face, b e g i n n i n g
at 7 D A S . T h e so i l sur face was covered w i t h a 0.5
cm layer o f c h a r c o a l t o increase sur face hea t i ng
a n d the po ts were p laced in a wa te r b a t h to
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Figure 2 . Coeff icient of var ia t ion for seedling survival (%) in pearl mil let at 14 and 30 D A S , and for plant height
(cm) a t 30 D A S in relat ion to the amounts o f water appl ied a t 7-10 D A S . D a t a f r o m t w o separate exper iments , I S C ,
1984.
m a i n t a i n adequate soi l mo i s tu re . Tempera tu res
rose to 4 8 ° C at 2 cm soi l d e p t h w i t h i n 8 h f r o m
the s tar t of the t rea tmen t . S u r v i v a l at 168 h (7
days) a f ter t r ea tmen t i n i t i a t i o n gave a g o o d est i -
ma te o f geno typ i c to le rance to heat stress w i t h
48-h hea t ing ( F i g . 3). W i t h c o n t i n u o u s hea t i ng ,
best d i f f e r e n t i a t i o n a m o n g genotypes was f o u n d
af te r 78 or 96 h.
I t was encou rag ing to note tha t some o f the
breed ing l ines had to lerance equa l to tha t o f the
loca l c o n t r o l C 1 V T I I ( F i g . 3). T h e fact t ha t o t h -
ers d i d n o t , however , c lear ly ind icates t ha t i t m a y
be necessary to regu la r l y screen f o r heat stress
to lerance. We are f u r t h e r r e f i n i ng the techn ique
af ter w h i c h we w i l l beg in to in tens ive ly screen
breed ing mater ia ls .
Figure 3. Seedling survival (%) in four selected pearl millet lines at five different times after the initiation of a 48-h
period of high (48°) temperature treatment. Vertical bars are SE based on the twenty lines in the test, ISC, 1984.
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Yield Compensat ion Fo l lowing Pre-f lowering
Stress
Severa l repor t s in the l i t e ra tu re ind ica te t h a t
d r o u g h t stress d u r i n g ear ly c r o p g r o w t h has l i t t l e
adverse effect on g r a i n y ie ld i n pear l m i l l e t . We
invest iga ted in de ta i l in 1982 the effect o f
d r o u g h t stress d u r i n g the pan ic le d e v e l o p m e n t
stage (20 to 48 days a f te r emergence, D A E ) us ing
f o u r e x p e r i m e n t a l h y b r i d s .
D r o u g h t stress af fected the g r o w t h and
deve lopmen t o f the m a i n shoo t i n a l l geno types ,
ref lected in a decrease in m a i n shoo t g r a i n y ie ld
per un i t area (Tab le I ) . F l o w e r i n g was de layed
by stress f r o m lack o f wa te r i n a l l the geno types ,
i n b o t h m a i n shoo t a n d t i l le rs , bu t the effect was
m o r e p r o n o u n c e d i n the t i l le rs ( F i g . 4 ) .
F l o w e r i n g de lay in the stress t r e a t m e n t was
associated w i t h increased n u m b e r s o f p r o d u c t i v e
(pan ic le -bear ing ) t i l le rs p l a n t
- 1
 ( F i g . 4) .
T h e decrease in m a i n shoot g r a i n y ie ld was
offset by an increased g r a i n y ie ld c o n t r i b u t i o n by
the ex t ra t i l le rs . I n I C H 220, c o m p e n s a t i o n b y
t i l le rs exceeded the loss suf fered in the m a i n
shoo t resu l t i ng in a s ign i f i can t l y h igher g r a i n
y ie ld unde r stress c o n d i t i o n s ( T a b l e 1). I C H 385
and I C H 162 showed no s ign i f i can t r e d u c t i o n i n
Figure 4 . F lower ing of m a i n shoot and ti l ler panicles
in I C H 221 in the i rr igated (above) and stressed
(be low) t reatments , I C R I S A T Center , summer 1982.
Table 1 . M e a n grain yie ld, number o f grains, and days to 5 0 % f lower ing in four pearl mil let hybr ids under t w o
irr igat ion t reatments, I C R I S A T Center , summer 1982.
G r a i n y i e l d
(g m
- 2
)
N o . o f g ra ins m
- 1
(10 000 m
- 2
)
G e n o t y p e T r e a t m e n t
M a i n
s h o o t T i l l e r s
M a i n
s h o o t T i l l e r s
D a y s t o 5 0 %
flowering
I C H 220 I r r i g a t e d
Stressed
179
136
84
173
2.7
2.0
1,6
3.1
42
44
I C H 226 I r r i g a t e d
Stressed
196
99
99
127
2.8
1.7
2.0
2.4
46
55
I C H 385 I r r i g a t e d
Stressed
177
114
55
133
3.1
2.1
1.3
2.7
44
51
I C H 162 I r r i g a t e d
Stressed
253
224
19
59
4.0
2.9
0.4
1.1
55
68
M e a n ( I r r i g a t e d )
M e a n (St ressed)
201
143
64
123
3.2
2.2
1.3
2.3
48
57
S E ( T r e a t m e n t ) ±7.3 ±12.9 ±0.22 ±0.20 ±0.7
M a i n s h o o t
T i l l e r
20
10
0
D a y s a f t e r e m e r g e n c e ( D A E )
30 40 50 60 70 BO 90
20
10
0
30 40 50 60 70 80 90
D a y s a f t e r e m e r g e n c e ( D A E )
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Pear l mil let hybr id I C H 220 in the ful ly- i rr igated control t reatment (above) and midseason stress t reatment (be low)
10 days after the stress t reatment was terminated . T h e rapid recovery of the stressed crop is already evident,
I C R I S A T Center , 1984.
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g ra in y ie lds i n the stress t r ea tmen t , bu t i n I C H
226 m a i n shoo t g r a i n y ie ld loss was o n l y p a r t i a l l y
compensa ted by t i l l e rs , resu l t i ng in ove ra l l
reduced g r a i n y ie lds in the stress t r ea tmen t .
Since stress was t e r m i n a t e d p r i o r to f l o w e r i n g ,
i n d i v i d u a l g r a i n mass was n o t a f fec ted. T h e
c o m p e n s a t i o n f o r the g r a i n y ie ld losses suf fered
by the m a i n shoot due to stress was there fo re
d e r i v e d e n t i r e l y f r o m the g r a i n n u m b e r
c o m p o n e n t o f the t i l le rs i n a l l genotypes (Tab le
1).
T h e increased t i l l e r g r a i n n u m b e r s repo r ted i n
T a b l e 1 c o u l d be a resul t of : increased
p r o p o r t i o n o f p r o d u c t i v e t i l l e rs ; increased g r a i n
n u m b e r on a t i l l e r pan ic le ; or a c o m b i n a t i o n o f
the t w o .
Since i t was d i f f i c u l t to separate these effects
in the p o o l e d t i l l e r harvest in 1982, we e x a m i n e d
th is ques t i on in a subsequent e x p e r i m e n t in
1983, i n w h i c h the i n d i v i d u a l t i l l e r ( T ) y ie lds and
y ie ld c o m p o n e n t s were measured separate ly .
M a i n shoo t g r a i n y ie ld was reduced by stress
b u t the g r a i n y ie ld o f the t i l le rs aga in increased,
resu l t ing i n s im i l a r y ie lds i n the t w o t rea tmen ts .
T h e c o m p e n s a t i o n i n g r a i n y ie ld was m a i n l y due
to an increase i n the n u m b e r o f t i l le rs p r o d u c i n g
an in f lorescence a t the T , and T 2 pos i t i ons (Tab le
2) , and n o t to an increase in the h igher o rde r
t i l le rs , suggest ing a r e d u c t i o n in m a i n shoot
d o m i n a n c e by stress. Changes in the g r a i n
n u m b e r pan ic le
- 1
 were sma l l and genera l l y n o t
s ign i f i can t (Tab le 2).
These expe r imen ts ind ica te t ha t a l t h o u g h
stress in the ear ly c r o p g r o w t h stage has no
adverse effect on overa l l g r a i n y i e l d , i t does
af fect the re la t ive c o n t r i b u t i o n o f the m a i n shoo t
and t i l le rs . Pear l m i l l e t has the capac i t y to
compensate f o r a r e d u c t i o n in g r a i n y ie ld f r o m
the m a i n shoot due to stress d u r i n g pan ic le
d e v e l o p m e n t , by increas ing the n u m b e r o f t i l le rs
tha t p roduce a pan ic le .
Ef fec t o f t empe ra tu re o n g e r m i n a t i o n o f
spo rang ia . Suggest ions tha t d i f ferences in
effect iveness of i n o c u l a t i o n w i t h Sclerospora 
graminicola spo rang ia l suspension m i g h t be due
to effects o f t empe ra tu re on g e r m i n a t i o n and
in fec t i on were inves t iga ted. Spo rang ia were
suspended in wate r and i ncuba ted at 10, 15, 20,
25, 30, 3 5 , 4 0 , a n d 45° C . A t 3 0 - m i n in te rva ls and
Tab le 2 . N u m b e r of panicles p lan t
- 1
, grain yield p lan t
- 1
, and number of grains panicle*
1
 by shoot ( m a i n and tillers
1-5) and tota l p lan t '
1
 in pearl mil let hybr id I C H 220 under t w o i r r igat ion t reatments, lCRISAT Center , summer
1983.
M a i n
shoo t
T i l l e r n u m b e r
T r e a t m e n t 1 2 3 4-5 T o t a l p l a n t
- 1 S E
N o . o f pan ic les p l a n t
- 1
I r r i g a t e d
Stressed
1.00
1.00
0.58
0.87
0.27 0.16
0.52 0.31
G r a i n y ie ld ( g p l a n t
- 1
)
0.14
0.20
2.15
2.90
± 0.043
± 0.052
I r r i g a t e d
Stressed
10.88
8.49
4.43
5.61
1.98 0.54
2.89 1.39
G r a i n s pan i c l e
- 1
1.24
1.00
19.1
19.4
± 2.36
± 4 . 0 1
I r r i g a t e d
Stressed
1661
1248
1372
1141
1417 694
1075 923
899
765
3130
3150
± 2 6 2
± 2 3 3
Biot ic Stresses
Diseases
D o w n y M i l d e w (Sclerospora graminicola) 
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f o r up to 3 h, a p o r t i o n of each spo rang ia l
suspension was r e m o v e d , a few d rops of
l ac topheno l were added to arrest spo rang ia l
g e r m i n a t i o n (zoospore release) a n d then the
s a m p l e was m i c r o s c o p i c a l l y e x a m i n e d t o
q u a n t i f y spo rang ia l g e r m i n a t i o n . G e r m i n a t i o n
began d u r i n g the f i r s t 3 0 - m i n , w i t h the h ighest
f requency at 40 and 4 5 ° C . There was a genera l
increase in g e r m i n a t i o n d u r i n g the f i rs t 1.5-2 h a t
a l l t empera tu res , except 40 and 45° C where l i t t le
g e r m i n a t i o n occu r red af ter the f i rs t 30 m i n o f
i n c u b a t i o n ( F i g . 5). T h e results suggest tha t in a 
f ie ld s i t u a t i o n , spo rang ia l g e r m i n a t i o n occurs
over a w ide range of tempera tu res p r o v i d e d free
water is ava i lab le .
Effect of temperature on germtube elonga-
t ion. To s tudy the effect o f t empera tu re on the
rate o f ge rm tube e l o n g a t i o n , we e x a m i n e d a d i l -
ute suspension of v iab le zoospores on a haema-
cy tome te r s l ide, and no ted the l o c a t i o n o f
i so la ted , bu t encysted zoospores. T h e slides were
then incuba ted at six tempera tures : 10, 15, 20,
25, 30, and 3 5 ° C . G e r m t u b e leng th was mea-
sured a t h o u r l y in terva ls by b r ie f l y r e m o v i n g the
slides f r o m the i n c u b a t o r and m ic roscop i ca l l y
measur ing the lengths o f germtubes e m a n a t i n g
f r o m the iden t i f i ed zoospores. G e r m i n a t i o n and
ge rmtube g r o w t h occur red a t a l l t empera tu res ,
and germtubes con t i nued to e longate t h r o u g h -
ou t the test p e r i o d . T h e germtubes g rew faster a t
3 0 ° C ( F i g . 6). G i v e n free wa te r , zoospores c o u l d
p r o b a b l y ge rm ina te a n d germtubes e longate
over a w ide range of tempera tures in the f i e l d .
Studies on pathogenic var iab i l i t y in S.
graminicola. In a s tudy at the Un i ve rs i t y of
Read ing , U K , on an l C R I S A T / Overseas
D e v e l o p m e n t A d m i n i s t r a t i o n ( O D A ) / U n i -
vers i ty o f R e a d i n g co l l abo ra t i ve p ro jec t , 10
pear l m i l l e t cu l t i va rs f r o m I n d i a and coun t r ies i n
A f r i c a were tested f o r the i r react ions to 12
isolates of S. graminicola angustatus f r o m
B u r k i n a Faso , I n d i a , N ige r , N ige r i a , and
Senegal . The d o w n y m i l d e w ( D M ) reac t i on o f
mos t hosts var ied p r o p o r t i o n a l l y to the v i ru lence
of the isolates. H o w e v e r , stable resistance was
f o u n d in l ine 111 B, o r i g i na l l y f r o m L u d h i a n a ,
I n d i a , w h i c h had recent ly undergone t w o cycles
o f select ion f o r resistance i n the DM nursery a t
I C R I S A T Center , and in a Souna accession
f r o m C i n z a n a , M a l i .
A single isolate of S. graminicola f r o m
Z a m b i a had a pa thogen ic i t y pa t t e rn tha t
Figure 5. Effects of temperature and incubat ion per iod on germinat ion of Sclerospora graminicola sporangi
suspended in water , I C R I S A T Center , 1984.
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Figure 6, Effects of temperature and incubat ion period on the germtube length (um) of zoospores of Sclerospora 
graminicola suspended in water , I C R I S A T Center , 1984.
resembled those f r o m Ind ia m o r e t h a n those
f r o m West A f r i c a . H o w e v e r , u n l i k e the I n d i a n
isolates used in th is test, the Z a m b i a n isolate d i d
no t cause the s t u n t i n g o f p lan t g r o w t h in the
I n d i a n h y b r i d , BJ 104.
S c r e e n i n g f o r res istance a t I C R I S A T
Center. F r o m 1976 to 1982, 3163 g e r m p l a s m
accessions o r i g i n a t i n g f r o m m o r e t h a n 20
coun t r ies in the m a j o r m i l l e t - g r o w i n g areas o f
the w o r l d , were screened f o r resistance t o D M a t
I C R I S A T Center . A t o t a l o f 428 accessions w i t h
h i g h levels o f resistance, a n d tha t f l owe red in 45
to 60 days, were f u r t h e r eva luated th is year ; f r o m
these we made 48 s ing le-p lant select ions h a v i n g
resistance and some f o r m o f a g r o n o m i c
eli teness. P rogeny of these were res is tant , and
t yp i ca l l y 110 to 200 cm t a l l , w i t h earhead lengths
of 15 to 65 c m ; the mass of a t h o u s a n d gra ins
var ied f r o m 5-10g. T h e select ions w i l l serve as
o u r m a j o r sources o f D M resistance f o r b reed ing
in the c o m i n g years.
M u l t i l o c a t i o n a l t e s t i n g . T h e 4 5 - e n t r y
I n t e r n a t i o n a l Pear l M i l l e t D o w n y M i l d e w
Nurse ry ( I P M D M N ) was sent to 12 coope ra to rs
in Ind ia and one in Senegal . D a t a were received
f r o m six I n d i a n loca t ions . T h e highest D M
pressure was recorded at M y s o r e f o l l o w e d by
I C R I S A T Center . N o en t r y was D M - f r e e a t a l l
l oca t ions . H o w e v e r , there were 32 entr ies tha t
deve loped < 1 0 % D M a t a l l l oca t ions . These
inc luded P 7-4, P 24, P 310-17, P 472 , 70512-3,
and S D N 503-12, tha t had also s h o w n h igh
degrees of stable resistance in p rev ious years. We
n o w have m o r e t h a n 35 entr ies that have s h o w n
stable DM resistance f o r 2 to 9 years. F ive o f
these were named by the P lan t Ma te r i a l s Release
C o m m i t t e e i n 1984. W e supp l ied seed o f D M -
resistant l ines to several breeders in I nd i a f o r use
in the i r b reed ing p r o g r a m s .
Ergot (Claviceps fusiformis) 
Resistance mechanism. Inves t iga t ions i n t o the
s t ruc tu re o f pear l m i l l e t s t igma and the sequence
o f events d u r i n g p o l l i n a t i o n c o n d u c t e d a t
I m p e r i a l C o l l e g e , L o n d o n , u n d e r a n
I C R I S A T / O D A pro jec t , have p r o v i d e d a basis
I n c u b a t i o n p e r i o d (h)
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D o w n y mi ldew ( D M ) susceptible ( left ) and resistant ( r ight ) selections f r o m a highly susceptible l ine, 7042 , in DM
screening nursery, ICRISAT Center , 1984.
f o r unde rs tand ing the mechan i sm o f e rgo t
resistance in selected pear l m i l l e t l ines.
Pear l m i l le t s t igmas possess a special ized zone
of cells located w i t h i n the fused reg ion o f the
st igma w h i c h col lapse in response to c o m p a t i b l e
p o l l i n a t i o n . W h e n p o l l i n a t i o n p r e c e e d s
i n f e c t i o n , c o n s t r i c t i o n e f fec t ive ly prevents the
ergot f ungus f r o m g a i n i n g access to the ova ry .
Para l le l studies on the pa th o f en t r y o f the
pa thogen have s h o w n tha t C.fusiformis hyphae
have the a b i l i t y to m i m i c p o l l e n , the reby
en te r ing the o v a r y d i rec t l y t h r o u g h the s t i gma.
Passage o f hyphae t h r o u g h the sensit ive
c o n s t r i c t i o n zone s i m i l a r l y induces s t igma
col lapse ( F i g . 7).
Resistant l ines showed grea t ly reduced
p r o t o g y n y ( i n t e r va l between s t igma emergence
and anthesis) . S e l f - p o l l i n a t i o n occurs read i l y i n
such l ines, w h i c h leads to rap id s t i gma-
w i t h e r i n g , thus p reven t i ng ergot i n f e c t i o n .
Screening for resistance. D u r i n g the s u m m e r
and ra iny seasons we screened m o r e t h a n 3800
entr ies f o r ergot resistance a t 1 C R I S A T Center
and A u r a n g a b a d , in a c o n t i n u o u s process o f
i d e n t i f y i n g , v e r i f y i n g , and us ing sources o f
resistance.
Identi fying resistance. To i den t i f y new sources
o f resistance, w e screened a b o u t 400 D M -
resistant g e r m p l a s m accessions o r i g i n a t i n g
m a i n l y f r o m C a m e r o o n , I n d i a , N ige r , N i g e r i a ,
Senegal , and S u d a n i n the I C R 1 S A T m u l t i p l e
disease nursery by i n o c u l a t i n g 5-10 p lan ts per
en t ry . M o s t entr ies were h i gh l y suscept ib le
( > 3 0 % ergo t sever i ty) and on l y 21 single heads
92 Pearl Millet 
Figure 7. Scanning electron micrographs of pearl mil let stigmatic tissue and interact ion w i th pol len and the ergot
fungus (Claviceps fusiformis). a. Germina t ing mil let pol len penetrat ing a stigmatic t r ichome 30 m i n after pol l ina-
t ion (x350) . b. Postpolhnat ion constrict ion of stigmatic tissue 6 h after po l l inat ion (x350 ) . c. Germina t ing micros-
pores and macrospores on the stulodial axis 1 4 h after inoculat ion (x200 ) . d. Constr ic t ion of stigmatic tissue
fo l lowing penetrat ion and growth by the ergot fungus (x100) , I C R I S A T Center , 1984.
f r o m p lants s h o w i n g resistance t o D M , e rgo t ,
and s m u t were selected f o r f u r t h e r e v a l u a t i o n .
Mul t i locat iona l testing. T h e 32-en t ry 1984
I n t e r n a t i o n a l Pear l M i l l e t E r g o t N u r s e r y
( I P M E N ) was tested a t seven loca t ions in I n d i a .
A l t h o u g h no e n t r y rema ined ergot - f ree a t a l l
l oca t i ons , 11 showed ac ross - loca t ion m e a n
in fec t i on sever i ty o f n o t m o r e t h a n 1 % ; 9 had
between 2 and 5%, a n d the r e m a i n i n g 8 had
between 6 and 13% c o m p a r e d w i t h 4 4 - 6 1 % on
the suscept ib le c o n t r o l s . E rgo t - res i s tan t l ines
p r o d u c e d a t I C R I S A T Cen te r ( I C M P E and
I C M P E S numbers ) have s h o w n h i g h levels o f
resistance across l oca t ions in N ige r i a a n d I n d i a
f o r 2-3 consecut ive years (Tab le 3). These l ines
have also s h o w n resistance t o D M , s m u t , a n d
rust i n the m u l t i p l e disease nursery a t I C R I S A T
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Tab le 3 . M e a n per formance o f t e n In ternat iona l Pear l M i l l e t Ergot Nursery ( I P M E N ) entries a t S a m a r u , N iger ia ,
and six Ind ian locat ions, ra iny seasons 1982 to 1984.
O t h e r diseases a t
I C R I S A T C e n t e r
E r g o t sever i ty (%)
2
 a t 7 l o c a t i o n s
3
D M i n c i -
dence (%)
S m u t sever-
i t y (%)
4
R u s t sever-
i t y (%)
5E n t r y
1
1 2 3 4 5 6 7
I C M P E 134-6-25 1 < 1 < 1 1 1 < 1 2 0 15
I C M P E 134-6-34 1 1 <1 1 2 1 3 0 15
I C M P E 13-6-27 3 1 1 1 4 2 2 0 0 12
I C M P E 13-6-30 1 2 1 1 3 2 2 0 10
I C M P E S 1 1 1 1 2 2 1 2 0 7
I C M P E S 2 2 1 < 1 5 2 2 2 0 15
I C M P E S 2 3 <1 2 2 <1 3 3 1 1 0 2
I C M P E S 2 7 <1 1 1 < 1 1 1 1 3 0 5
I C M P E S 2 8 <1 5 3 1 7 1 6 < 1 0 5
I C M P E S 3 2 16 4 2 8 2 1 2 0 5
Suscep t ib le
c o n t r o l 86 89 91 45 54 64 44 35 63 82
1 . I C M P E ( S ) = I C R I S A T m i l l e t p a t h o l o g y e r g o t - r e s i s t a n t l ines ( s i b - b u l k ) .
2 . Based on 2 0 - 4 0 i n o c u l a t e d i n f l o rescences pe r e n t r y i n 2 r e p l i c a t i o n s each year .
3. L o c a t i o n s : 1 = S a m a r u , 2 = A u r a n g a b a d , 3 = I C R I S A T C e n t e r , 4 = J a m n a g a r , 5 = M y s o r e , 6 = L u d h i a n a , 7 - N e w D e l h i .
4 . Based on 1982 a n d 1983 t e s t i n g .
5 . Based on 1983 a n d 1984 t e s t i n g .
C e n t e r . S t a b i l i t y o f m u l t i p l e d i s e a s e r e s i s t a n c e i n
t h e s e l i n e s n e e d s t o b e v e r i f i e d a c r o s s a r a n g e o f
e n v i r o n m e n t s i n A f r i c a a n d I n d i a .
D e v e l o p i n g res is tance . W e c o n t i n u e d t h e
d e v e l o p m e n t o f e r g o t - r e s i s t a n t l i n e s w i t h
e m p h a s i s o n c o n c e n t r a t i n g r e s i s t a n c e g e n e s f r o m
d i v e r s e s o u r c e s a n d s e l e c t i n g p r o g e n i e s w i t h
d e s i r a b l e a g r o n o m i c t r a i t s . C r o s s e s w e r e m a d e
a m o n g e r g o t - l o w s u s c e p t i b l e ( E L S ) p l a n t s o f
s e l e c t e d g e r m p l a s m a c c e s s i o n s f r o m G h a n a ,
I n d i a , N i g e r i a , a n d T o g o , t o g e n e r a t e 102 F 1
l i n e s . W e s c r e e n e d m o r e t h a n 3 0 0 0 e n t r i e s i n F 1
t o F 8 g e n e r a t i o n s a n d s e l e c t e d 8 6 2 s i n g l e p l a n t s
f r o m 121 l i n e s w i t h h i g h e r g o t r e s i s t a n c e ( < 5 %
s e v e r i t y ) a n d d e s i r a b l e a g r o n o m i c t r a i t s .
E i g h t e e n e r g o t - r e s i s t a n t s i b - b u l k ( I C M P E S )
l i n e s w h i c h w e r e d e v e l o p e d f o r h i g h e r g o t r e s i s -
t a n c e a n d i m p r o v e d a g r o n o m i c t r a i t s w e r e
e v a l u a t e d m u l t i l o c a t i o n a l l y f o r g r a i n y i e l d a n d
i n t h e I C R I S A T m u l t i p l e d i s e a s e n u r s e r y f o r
d i s e a s e r e a c t i o n . S e v e r a l o f t h e I C M P E S l i n e s
h a d e q u a l o r b e t t e r y i e l d s t h a n t h e h i g h - y i e l d i n g
c o n t r o l s , W C - C 7 5 a n d I C M S 7 7 0 3 , a n d s h o w e d
h i g h r e s i s t a n c e t o D M , s m u t , a n d r u s t i n
a d d i t i o n t o e r g o t ( T a b l e 4 ) . H o w e v e r , s o m e w e r e
n o t i c e a b l y p h o t o p e r i o d s e n s i t i v e w h e n g r o w n i n
N o r t h I n d i a .
U t i l i z i n g res is tance . W e c o n t i n u e d e f f o r t s t o
t r a n s f e r r e s i s t a n c e i n t o h y b r i d seed p a r e n t s . A 
l a r g e n u m b e r o f p r o g e n i e s f r o m c r o s s e s b e t w e e n
I C P 2 2 0 a n d e r g o t - r e s i s t a n t ( E R ) l i n e , J104 a n d
E R l i n e , a n d 5 0 5 4 B a n d E R l i n e w e r e s c r e e n e d a t
F 2 , F 3 , B C 1 ( F 1 ) , a n d B C 2 ( F 1 ) g e n e r a t i o n s a n d E R
s e g r e g a n t s w e r e s e l e c t e d . R e s u l t s s o f a r i n d i c a t e
t h a t w i t h t h e b a c k c r o s s m e t h o d i t s h o u l d b e
p o s s i b l e t o t r a n s f e r e r g o t r e s i s t a n c e t o h y b r i d
p a r e n t s .
E r g o t - r e s i s t a n t I C M P E S l i n e s w h i c h h a v e
s h o w n i m p r o v e d a g r o n o m i c t r a i t s w i l l b e
u t i l i z e d t o c o n s t i t u t e a n E R c o m p o s i t e f r o m
w h i c h w e h o p e t o b e a b l e t o p r o d u c e E R
e x p e r i m e n t a l v a r i e t i e s . S e e d o f E R l i n e s w e r e
1
<1
1
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supp l ied to several breeders in I n d i a f o r use in
the i r resistance b reed ing p r o g r a m s . F o u r bu l ks
w i t h stable resistance to e rgo t were named by the
P l a n t M a t e r i a l R e l e a s e C o m m i t t e e o f
I C R I S A T i n 1984.
Smut (Tolyposporium penicillariae)
Screening for resistance. We screened a b o u t
3100 entr ies f o r s m u t resistance a t I C R I S A T
Cente r a n d H i sa r , i n the process o f i d e n t i f y i n g ,
v e r i f y i n g , and u t i l i z i n g sources o f resistance.
Identi fying resistance. To i den t i f y new sources
of resistance we screened the same set of m o r e
t h a n 400 D M - r e s i s t a n t g e r m p l a s m accessions
w h i c h were screened f o r e rgo t i n the m u l t i p l e
disease nursery by i n o c u l a t i n g 5-10 p lants w i t h
s m u t i n o c u l u m in each en t ry . M o s t entr ies were
h igh l y suscept ib le and the c o m m o n 21 single
heads f r o m p lan ts t ha t showed resistance to
D M , e rgo t , and smut were selected.
Mul t i locat iona l testing. T h e 32-en t ry 1984
I n t e r n a t i o n a l P e a r l M i l l e t S m u t N u r s e r y
Table 4 . M e a n grain yield (kg h a
- 1
) and disease reactions of 18 pearl mil let ergot-resistant sib-bulks ( l C M P E S ) , at
seven I n d i a n locations, 1984.
Disease reac t i ons
G r a i n y i e l d ( k g h a
- 1
) a t l o c a t i o n s
1
E r g o t
sev
(%)
2
D M
inc idence
(%)
S m u t
sev.
(%)
Rus t
sev.
(%)E n t r y 1 2 3 4 5 6 7 M e a n
I C M P E S 8 2830 2790 1290 2240 2410 1800 2080 2210 < 1 0 0 5
I C M P E S 2 8 2420 2810 850 3160 2320 1520 2130 2170 0 0 0 5
I C M P E S 2 9 2320 2540 1180 3130 2130 1210 1860 2050 0 0 0 5
I C M P E S 3 2 2380 1640 1310 2410 2060 1670 2300 1970 1 0 1 5
I C M P E S 9 2570 1850 960 3450 1460 1200 2100 1940 1 1 0 40
I C M P E S 3 4 2260 2980 1520 1780 1490 1980 1520 1930 0 0 <1 15
I C M P E S 5 2200 2700 1080 1870 1420 990 1720 1710 0 5 0 40
I C M P E S 6 2820 1820 1010 1820 1740 1020 1720 1710 <1 0 0 5
I C M P E S 3 6 2370 2640 1120 1460 1250 1180 1550 1650 0 0 2 10
I C M P E S 2 2 2080 1510 1180 2070 1700 1190 1660 1630 0 1 <1 15
I C M P E S 1 6 2120 1630 1070 1870 1610 1000 2010 1610 0 0 0 10
I C M P E S 3 5 2090 2070 1100 1460 1490 1340 1680 1600 0 0 <1 5
I C M P E S 7 2540 1760 1140 1870 1240 1410 1160 1590 <1 6 0 5
I C M P E S 3 0 2280 1680 1120 2190 1630 840 970 1530 0 0 <1 5
I C M P E S 3 1 I 9 6 0 1580 1160 2150 1420 560 1450 1470 < 1 0 0 5
I C M P E S 1 8 2200 1090 1220 2070 1210 820 1230 1410 0 1 0 5
I C M P E S 2 4 2120 1230 910 1650 930 380 1320 1220 0 1 0 10
I C M P E S 1 9 2200 1140 720 1160 990 360 1010 1080 0 0 0 5
C o n t r o l s
W C C75 2420 2390 1150 1040 2270 1930 2390 1940 45 0 29 25
l C M S 7703 1940 2840 1420 1300 2590 2010 2450 2080 44
SE ±198 ±370 ±120 ±353 ±220 ±140 ±201 ±229
L o c a t i o n
m e a n 2310 2040 1130 2010 1670 1220 1720 1730 4 1 2 12
C V (%) 17 31 18 30 23 20 20 23
1 . L o c a t i o n s ; 1 = I C R I S A T s u m m e r ; 2 = I C R I S A T h i g h f e r t i l i t y ( 8 0 N : 18P) ; 3 = I C R I S A T l o w f e r t i l i t y ( 4 0 N : 9 P ) ; 4 = I C R I S A T
e r g o t n u r s e r y ; 5 = A u r a n g a b a d ; 6 = P u n e ; 7 = B h a v a n i s a g a r .
2 . Based o n o p e n - h e a d i n o c u l a t i o n .
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Pearl mil let ergot screening nursery at I C R I S A T Center . Resistant genotypes ( left ) have clean earheads, compared
to susceptible genotypes (r ight) that have black sclerotia on the earheads.
( I P M S N ) was tested a t f o u r l oca t ions in I n d i a .
T h e mean smut severit ies of the 28 test entr ies
var ied f r o m 0 to 6% c o m p a r e d w i t h 44 to 5 2 % on
the suscept ib le con t ro l s . T h e smut - res is tan t s ib -
bu lks ( I C M P S numbers ) , recent ly p r o d u c e d a t
I C R l S A T Center , showed very h igh levels o f
smut resistance ( 0 - 3 % sever i ty) across three
I n d i a n loca t ions over 2 to 3 years ( T a b l e 5) .
These l ines were also resistant at B a m b e y ,
Senegal ; S a m a r u , N i g e r i a ; and Sadore , N ige r i n
1983 ( the nursery was no t conduc ted at these
loca t ions in 1984). In a d d i t i o n to s m u t
resistance, these l ines have s h o w n mode ra te to
h igh levels o f resistance t o D M i n I n d i a .
Developing resistance. We c o n t i n u e d e f fo r ts
to p r o d u c e smut - res is tan t ( S R ) l ines w i t h
des i rab le a g r o n o m i c t ra i t s . We screened 512
entr ies in the F1 to F4 genera t ions f r o m crosses
a m o n g SR g e r m p l a s m accessions, SR F 6 l ines,
and D M - r e s i s t a n t l ines and selected 104 entr ies
w h i c h showed h i g h smu t resistance and
i m p r o v e d a g r o n o m i c t ra i t s . We eva lua ted 1626
F 4 t o F 6 / S 6 SR entr ies f o r a g r o n o m i c t ra i t s
d u r i n g the r a i n y season a t I C R I S A T Cente r a n d
toge ther w i t h the breeders, selected 118 a g r o n -
omica l l y -des i rab le l ines.
We eva lua ted 12 I C M P S l ines f o r g r a i n y ie ld
and disease reac t ion a t va r i ous l oca t i ons in I n d i a
d u r i n g the 1984 ra i ny season. Severa l l ines had
s im i l a r o r h igher y ie lds t h a n e i ther o f the
c o n t r o l s , W C - C 7 5 a n d I C M S 7703, a t i n d i v i d u a l
l oca t i ons . I n a d d i t i o n t o h a v i n g h igh resistance
to s m u t , these l ines were resistant t o DM across
loca t ions (Tab le 6) .
96 Pearl Millet 
Table 5. M e a n smut severity
1
 (%) and downy mi ldew incidence (%) of the best new smut-resistant pearl mil let
l ine-bulks ( I C M P S ) evaluated at three Ind ian locat ions, 1982 to 1984.
L o c a t i o n s
H i s a r J a m n a g a r I C R I S A T C e n t e r
D M
inc idence
(%)
2Y e a r Y e a r Y e a r
E n t r y 82 83 84 82 83 84 82 83 84 83 84
I C M P S 100-5-1 0 0 0 0 0 0 0 0 1
I C M P S 200-5-5-5 -
3
0 - 0 0 - 0 0 1
I C M P S 700-1-5 -4 - 0 - 0 0 - 0 0
I C M P S 900-1-4-1 - 0 3 - 0 0 - 0 0 2
I C M P S 900-3-1 - 0 - 0 0 - 0 0 1
I C M P S 900-9-3 0 0 0 0 0 0 0 0 3
I C M P S 1300-2-1-2 - 0 - 0 0 - 0 0 0 4
I C M P S 1400-1-6-2 - 0 - 0 0 - 0 0 2
I C M P S 1500-7-3-2 - 0 0 - 0 0 - 0 0 1
I C M P S 1600-2-4 1 0 0 0 0 0 0 3 1
I C M P S 1800-3-1-2 - - 0 - 0 1
I C M P S 2000-5-2 0 0 0 0 1
Suscep t ib le
c o n t r o l 36 78 72 58 44 43 72 82 74 25 49
1 . M e a n s e v e r i t y based on 20 -40 i n o c u l a t e d heads i n 2 r e p l i c a t i o n s .
2 . M e a n o f 4 l o c a t i o n s , G w a l i o r , H i s a r , J a m n a g a r , a n d I C R l S A T C e n t e r .
3 . E n t r i e s n o t i n c l u d e d .
U t i l i z i n g resistance. We screened 1780 S,
progenies f r o m the Smu t -Res i s t an t C o m p o s i t e
( S R C ) and the I n t e r - V a r i e t a l C o m p o s i t e ( I V C )
p o p u l a t i o n s . T w o e x p e r i m e n t a l v a r i e t i e s ,
I C M V 82131 a n d I C M V 82132, de r i ved f r o m the
S R C , a n d t w o S R synthet ic var ie t ies , I C M S
8282 a n d I C M S 8283, f o u n d p r o m i s i n g f o r g r a i n
y ie ld in b reed ing t r ia ls d u r i n g 1983 showed h i g h
levels o f resistance t o smu t and D M i n the 1984
I P M S N a t f o u r I n d i a n loca t ions . T h e f requency
o f resistance i n I V C was a p p r o x i m a t e l y 3 0 %
(de te rm ined f r o m screening 920 S 1 p rogen ies) .
Progenies w i t h a g o o d level o f s m u t resistance
( < 5 % sever i ty) were selected f o r r e c o m b i n a t i o n .
S m u t resistance f r o m several I C M P S l ines
w i l l be in t rogressed i n t o these compos i tes to
increase the i r levels o f s m u t resistance a n d
a g r o n o m i c el i teness.
Seed o f SR l ines were supp l ied to several
breeders i n I n d i a f o r t he i r resistance b reed ing
p r o g r a m s . S ix l ines w i t h stable resistance to
smut were n a m e d by the P lan t M a t e r i a l Release
C o m m i t t e e o f I C R I S A T i n 1984.
Rust (Puccinia penniseti) 
Screening for resistance. A t o t a l of 888 entr ies
i n c l u d i n g g e r m p l a s m accessions, h y b r i d pa ren ts ,
p o p u l a t i o n s , e rgo t - a n d smut - res is tan t l ines-
/ p o p u l a t i o n s , and entr ies f r o m the A l l I n d i a
C o o r d i n a t e d M i l l e t s I m p r o v e m e n t P r o j e c t
( A I C M I P ) t r ia ls and nurser ies were eva lua ted
f o r rust resistance a t Bhavan isagar . Of these, 175
entr ies were rust - f ree and 287 others deve loped
< 1 0 % rust i n f e c t i o n . T h e r e m a i n i n g ent r ies were
modera te to h i g h l y suscept ib le to rus t .
Seventeen D M - r e s i s t a n t h y b r i d s , p r o d u c e d
us ing D M - r e s i s t a n t vers ions o f 5141A and J 1 0 4 ,
were eva lua ted f o r the i r r eac t i on t o rus t , b u t
none o f these h y b r i d s showed an acceptab le level
o f rus t resistance.
<1
<1
<1
<1
<1
<1 <1
<1
<1<1
<1
<1<1
<1
<1
<1 <1
<1
<1
<1
<1
<1
<1
<1
<1
<1 1
1
1
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Table 6 . G r a i n yield (kg h a
- 1
) and disease reactions of 12 pearl mil let smut-resistant l ine-bulks ( I C M P S ) and the
t w o controls at seven Ind ian locations, 1984.
Disease
reac t i ons
G r a i n y ie ld ( k g ha
- 1
) a t l o c a t i o n s
1
S m u t
2
(%)
D M
3
(%)E n t r y 1 2 3 4 5 6 7 M e a n
I C M P S 100-5-1 1250 1590 2070 2670 1900 1690 1910 1870 0 0
I C M P S 1100-2-1-3 1820 1570 1720 2640 1250 1920 1650 1790 1 2
I C M P S 1300-2-1-2 1220 1650 2570 2240 1070 1860 1900 1790 0 0
I C M P S 900-3-1 1700 1640 1910 1720 1490 1850 2020 1760 0 2
I C M P S 1600-2-4 1640 1760 2040 2150 650 2090 1940 1750 0 0
I C M P S 700-1-5 -4 1430 1390 1710 2510 980 2140 1750 1720 0 0
I C M P S 1800-3-1-2 980 1640 1420 2150 1300 1680 2280 1640 2 0
I C M P S 1500-7-3-2 960 1580 1530 1990 1760 1610 1620 1580 0 0
I C M P S 9 0 0 - 1 - 4 - 1 1020 1700 1660 1350 1790 1220 1800 1510 0 2
I C M P S 1700-1-1-1 1280 1400 1970 1650 1180 1380 1510 1480 < 1 2
I C M P S 200-5-5-5 1410 1380 1490 1310 1530 1290 1890 1470 0 0
I C M P S 2000-5-2 700 860 1860 1860 780 1550 1610 1320 0 0
C o n t r o l s
W C - C 7 5 1590 2220 3170 2570 2000 2140 2270 2280 23 2
I C M S 7703 2040 1610 2480 3110 1450 2030 2090 2110 25 0
SE ±190 ±160 ±180 ±300 ±180 ±240 ±188 ±205
L o c a t i o n m e a n 1360 1580 1970 2140 1370 1750 1870 1720
C V (%) 25 18 16 25 23 24 18
1 . L o c a t i o n s : 1 = A u r a n g a b a d , 2 = B h a v a n i s a g a r , 3 = I C R I S A T h i g h f e r t i l i t y ( 8 0 N : 18P) , 4 = H i s a r , 5 = I C R I S A T l o w f e r t i l i t y ( 4 0 N :
9 P ) , 6 = I C R I S A T s m u t n u r s e r y ( a l l r a i n y season t r i a l s ) , 7 = I C R I S A T d r y season.
2 . M e a n seve r i t y f r o m H i s a r a n d I C R I S A T C e n t e r .
3 . M e a n i n c i d e n c e f r o m H i s a r , I C R I S A T C e n t e r , B h a v a n i s a g a r , a n d A u r a n g a b a d .
I nhe r i t ance a n d u t i l i z a t i o n o f rus t resis-
tance. W i t h I C R I S A T pear l m i l l e t breeders,
we s tud ied the inher i tance of a hypersens i t ive
type o f resistance to rus t i n t w o pear l m i l l e t l ines
der i ved f r o m IP 2696, a g e r m p l a s m accession
f r o m C h a d . T h e t w o l ines were crossed o n t o t w o
suscept ib le , male-s ter i le l ines, 1108A and 81 A.
P lan ts i n the F 1 , F 2 , B C 1 , a n d B C 2 genera t ions
were g r o w n unde r h i g h rust pressure a t I C R I -
S A T Cen te r , Bhavan isagar , a n d K o v i l p a t t i . T h e
t w o IP 2696-der ived l ines and a l l p lan ts i n the F ,
gene ra t i on were rust - f ree a t a l l three l oca t i ons .
F2 p lan ts f i t a 3:1 res is tant :suscept ib le r a t i o , and
progeny o f the backcrosses to the suscept ib le
male steriles f i t a 1:1 res istant :suscept ib le r a t i o .
These results ind ica te t ha t the resistance i d e n t i -
f ied is con fe r red by a single d o m i n a n t gene, and
suscept ib i l i t y by its recessive al le le. S y m b o l
R p p l has been p roposed f o r the resistant gene
and r p p l f o r the suscept ib le gene.
In I n d i a , rust i s o f ten mos t severe d u r i n g the
of f -season w h e n h y b r i d seed is p r o d u c e d ; rus t
resistance in the seed parents (male-s ter i le l ines)
shou ld reduce losses o f va luab le h y b r i d seed.
Resistance is there fore be ing i n c o r p o r a t e d i n t o
three male-ster i le l ines, 8 4 3 A ( I C M A 2) , 8 1 A
( I C M A 1), and 5141A.
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M u l t i l o c a t i o n a l t e s t i n g . A 4 5 - e n t r y I n t e r -
n a t i o n a l Pear l M i l l e t Rust Nursery ( l P M R N )
was eva luated a t s ix loca t ions in I n d i a . Rust was
mos t severe a t Bhavan isagar a n d mode ra te a t
o the r l oca t ions . No en t ry was rust - f ree a t a l l
l oca t i ons ; however , one en t r y , P 1564, was free
a t a l l l oca t ions except L u d h i a n a where < 5 % rust
was recorded in one b l ock . Several o the r entr ies
i n c l u d i n g IP 6138-3, P 1592, P 1581, a n d P 548
also showed g o o d levels o f resistance. S ix l ines
w i t h stable resistance to rust were named by the
P lan t M a t e r i a l Release C o m m i t t e e o f I C R I -
S A T i n 1984.
Multiple Disease Resistance
We screened 614 entr ies f o r m u l t i p l e disease re-
sistance ( D M , e rgo t , s m u t , and rus t ) d u r i n g the
1984 ra i ny season a t I C R I S A T Center . T h e
entr ies i nc luded were f r o m h y b r i d and p o p u l a -
t i o n t r ia ls o f the A I C M I P , selected g e r m p l a s m
accessions f r o m A f r i c a and I n d i a , a n d entr ies o f
the 1984 I P M D M N , I P M E N , a n d I P M S N .
A m o n g the A I C M I P ent r ies , 9 4 % showed resist-
ance t o D M , 2 % t o s m u t , a n d 4 % t o rus t , bu t
none were resistant to e rgo t (Tab le 7). A h igh
percentage o f g e r m p l a s m accessions showed re-
sistance t o D M a n d 3 8 % showed resistance t o
smut . A m o n g the disease nurser ies, entr ies f r o m
I P M D M N a n d I P M S N were res is tant t o D M
a n d smu t bu t n o t to e rgo t . T w e n t y - f o u r o f the 28
I P M E N entr ies showed resistance t o a l l the f o u r
diseases.
We also eva luated 48 a g r o n o m i c a l l y el i te
s ing le -p lan t select ions f r o m g e r m p l a s m acces-
sions tha t were resistant t o D M , f o r the i r reac-
t i o n t o rust . T w e n t y - o n e select ions deve loped no
rust a n d a l l o the rs , except t w o , deve loped < 1 0 %
rust . A l l b u t one o f the 21 select ions are f r o m
coun t r ies in West A f r i c a . These select ions are
g o o d sources o f resistance t o b o t h D M and rus t .
Seed o f l ines w i t h resistance to m o r e t h a n one
disease were supp l ied to breeders in I n d i a f o r
the i r disease-resistance b reed ing p r o g r a m s .
F o u r l ines w i t h c o m b i n e d stable resistance to
D M , e rgo t , a n d s m u t were n a m e d b y the P lan t
M a t e r i a l Release C o m m i t t e e o f I C R I S A T i n
1984.
Table 7. Pear l mil let lines screened for mul t ip le dis-
ease resistance, I C R I S A T Center , rainy season 1984.
Ent r i es f o u n d
En t r i es
screened
res is tant (<10%) to
T r i a l / N u r s e r y D M E r g o t S m u t Rus t
A I C M I P
H y b r i d s a n d
p o p u l a t i o n s 92 89 0 2 3 
A a n d B l ines 26 22 0 0 2 
G e r m p l a s m accessions 395 380 2 152 1 
I P M D M N 45 40 0 19 -
l P M S N 28 28 1 28 2 
I P M E N 28 28 25 28 24
T o t a l 614 587 28 229 32
As a pa tho log i s t was no t present at the I S C
d u r i n g mos t o f the year , very l i t t l e da ta on m i l l e t
diseases was o b t a i n e d . D M inc idence was gener-
a l l y l o w in b reed ing p lo t s , a l t h o u g h the h i g h l y -
suscept ib le l i ne , 7042 showed h igh levels o f D M
in fec t i on a t m a t u r i t y in sequent ia l p lan t ings
made ear ly in the ra i ny season.
D M levels were h igh i n some b reed ing ma te -
r ia ls g r o w n d u r i n g the J a n u a r y t o M a y o f f -
season nursery . M e a n D M levels i n progenies o f
f o u r p o p u l a t i o n s ranged f r o m 9 to 2 9 % a n d 57 to
7 8 % in some selected F1s of crosses between
accessions f r o m N ige r and o the r coun t r i es . T h e
male-s ter i le l ine 81 A, w h i c h has a h i gh level of
resistance t o D M i n I n d i a , showed 5 % inc idence.
These observa t ions are i m p o r t a n t in t ha t they
show tha t the of f -season nursery a t the I S C
m i g h t be usefu l f o r screening pear l m i l l e t u n d e r
modera te D M pressure.
Insect Pests
Pest surveys
W e made surveys i n T a m i l N a d u , M a h a r a s h t r a ,
and G u j a r a t t o i m p r o v e o u r u n d e r s t a n d i n g o f
pear l m i l l e t pest p rob lems in f a r m e r s ' f ie lds .
Research at the I S C
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S h o o t f l y ( A t h e r i g o n a approximate), was the
mos t i m p o r t a n t and ser ious pest i n T a m i l N a d u ;
i t was also present in M a h a r a s h t r a and G u j a r a t .
Lea f f o l d e r (Marasmia trapezalis), g ray weev i l ,
(Myllocerus s p p ) , o r i e n t a l a r m y w o r m
(Mythimna separata), c o r n leaf a p h i d (Rhopal-
osiphum maidis), earhead ca terp i l la rs {Heliothis 
armigera, Cryptoblabes s p p ) , s t i n k b u g
(Bagrada cruciferarum), b l is ter beetle (Cylin-
drothorax spp) , chafer beetle (Oxyce ton ia ver-
sicolor), m i d g e (Geromyia penniseti), and head
caterp i l l a rs were also recorded as ser ious pests at
some loca t i ons .
D u r i n g the r ep roduc t i ve phase, cha fe r beet le
and head ca te rp i l l a rs (H.a rm ige ra and Euproctis 
sp) were the m a j o r pests. C h a f e r beetles were
mos t act ive at head emergence w h i l e H. armigera 
la rvae and damage were recorded 60 t o 90 D A E
w i t h a peak on 75 d a y - o l d p lan ts ( 3 7 - 9 8 l a r -
vae / 100 earheads). H a i r y ca te rp i l l a r {Euproctis 
sp) larvae were mos t act ive on m a t u r e earheads
(6-13 l a r v a e / 1 0 0 earheads). T h e n e w l y released
cu l t i va rs ( W C - C 7 5 and I C M S 7703) were gener-
a l l y less suscept ib le to d i f f e ren t insect species
t h a n the c o m m e r c i a l h y b r i d s unde r n a t u r a l
cond i t i ons .
Pest Incidence at I C R I S A T Center
We recorded pest inc idence on f o u r cu l t i va rs a t
I C R I S A T Cen te r a t f o r t n i g h t l y in te rva ls f r o m
June to September 1983 (Tab le 8). T h e f o u r
cu l t i va rs used in these studies i nvo l ve t w o c o m -
merc ia l h y b r i d s g r o w n in I n d i a ( B J 104 and
M B H 110), and t w o var iet ies deve loped a t I C R I -
S A T Cen te r ( W C - C 7 5 and I C M S 7703) and
released fo r c u l t i v a t i o n i n I n d i a . T h e m a j o r
ob jec t ive was to c o m p a r e the suscept ib i l i t ies o f
I C R I S A T - b r e d cu l t i va rs w i t h the c o m m e r c i a l
ones. We observed o r i en ta l a r m y w o r m damage
30 days a f te r seedl ing emergence (2-3 l a r v a e / 1 0 0
p lants ) . C o r n leaf aph ids damage was qu i te h i gh
on 30-day o ld p lants ( 128 -216 a p h i d s / 1 0 leaf
who r l s ) . Shoo t b u g (Peregrinus maidis) was a lso
recorded on 30- t o 45-day o l d p lants a l o n g w i t h
a r m y w o r m and c o r n leaf a p h i d .
Earhead Caterpil lar (Raghuva albipunctella) 
Incidence and f luctuat ion. D u r i n g the s u m m e r
season, Oc tobe r - June 1983/1984 a t the I S C , we
carr ied ou t m o n t h l y so i l s a m p l i n g us ing a 2 mm
sieve f o r d i apaus ing pupae o f earhead c a t e r p i l -
lars, R. albipunctella in the so i l . We f o u n d a 
h igher p r o p o r t i o n (over 70%) o f s u r v i v i n g pupae
a t l ower depths (15-25 c m ) , wh i l e the uppe r p r o -
f i le con ta ined m o s t l y e m p t y p u p a l cases. S o o n
af ter the ra ins i n M a y , o u r June s a m p l i n g
revealed specimens u n d e r g o i n g m e t a m o r p h o s i s
i n t o a d u l t m o t h s .
R. albipunctella were f i r s t recorded in l i g h t
t raps i n m i d - J u l y . T w o p o p u l a t i o n peaks were
reco rded : one a t the end o f J u l y and the o the r in
m i d - A u g u s t . Eggs were observed in late J u l y a n d
la rva l ac t i v i t y i n ear ly A u g u s t . T h e charac te r i s t i c
sp i ra l damage appeared o n m i l l e t p lan ts i n m i d
Table 8. Insect pest incidence on four cultivars of pearl mi l let , I C R I S A T Center , ra iny season 1983.
M. separata 
( larvae/100
plants)
R. maidis 
(aphids/10
leaf whorls)
P. maidis 
(shoot bugs/10
plants)
O. vesicular 
(adults/100
earheads)
H. armigera 
( larvae/100
earheads)
Euproctis sp
( larvae/100
earheads)
Cul t ivar 30
1
 45 30 45 30 45 60 60 75 90 75 90
BJ 104
M B H 110
WC-C75
I C M S 7703
SE
3(2.0)
2
 4(2.3)
3(1.9) 5(2.5)
3(1.9) 1(1.5)
2(1.8) 2(1.7)
±(0.25) ±(0.18)
189(13.4) 17(4.2)
216(14.5) 23(4.7)
128(11.3) 31(5.6)
172(13.1) 38(6.0)
±(0.86) ±(0.80)
7(2.7) 5(2.4)
4(2.3) 11(3.4)
3(1.9) 3(2.0)
4(2.0) 4(2.1)
±(0.40) ±(0.27)
1(1.4) 3(1.7)
2(1.7) 2(1.7)
7(2.4) 7(2.8)
7(2.8) 4(2.1)
±(0.65) ±(0.48)
98(9.9) 39(6.4)
58(7.6) 48(7.0)
41(6.5) 28(5.4)
37(6.1) 37(6.2)
±(0.72) ±(0.35)
5(2.3) 9(3.2)
2(1.7) 8(2.8)
3(1.9) 6(2.4)
11(2.8) 13(2.8)
±(0.68) ±(0.95)
1 . D a y s a f t e r c r o p e m e r g e n c e .
2 . F i g u r e s i n pa ren theses a re t r a n s f o r m e d va lues .
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t o late A u g u s t and was mos t p r o n o u n c e d in
e a r l y - m a t u r i n g var iet ies.
Biology and ecology. We i n i t i a ted a s tudy in
c o l l a b o r a t i o n w i t h o u r ag roc l ima to log i s t s o n the
re la t ionsh ips be tween so i l phys ica l pa ramete rs ,
e n v i r o n m e n t a l f ac to rs , cessat ion o f p u p a l d i a -
pause, a n d subsequent a d u l t emergence of R.
albipunctella. T h i s s tudy i n v o l v e d three par ts :
1 . A post g r o w i n g season m o n t h l y s a m p l i n g f o r
pupae .
2 . A n a l l -year r o u n d da i l y da ta co l l ec t i on o n so i l
and a tmosphe r i c c o n d i t i o n s .
3 . L i g h t t r a p studies o f adu l t m o t h s a t emer -
gence.
T h e p r o p o r t i o n o f su r v i v i ng pupae i n the so i l
decreased as the s u m m e r season progressed, and
at a faster rate in the upper soi l p r o f i l e (0-15 c m )
t h a n a t the l owe r dep ths .
M o t h s appeared in the l igh t t raps 45 days af ter
20.9 mm r a i n fe l l on 31 M a y . A second r a i n f a l l o f
16.8 mm occu r red on 12 June . The re were m i n o r
ra in fa l l s be tween these days , suf f ic ient to m a i n -
t a i n so i l mo i s tu re con ten t a t a level f a v o r a b l e f o r
the c o n t i n u e d deve lopmen t o f the insect. Peak
Raghuva emergence (end -Ju l y and m i d - A u g u s t )
occu r red w h e n soi l tempera tu res were over 30° C 
a t a l l dep ths measured . So i l t empera tu res be low
3 0 ° C a n d a d r y spel l o f 9 days in ear ly A u g u s t
co inc ided w i t h a decrease in a d u l t m o t h emer -
gence d u r i n g the same p e r i o d .
F r o m th is s tudy we conc lude tha t the f i r s t
m a j o r ra ins are essential to b reak d iapause in R.
albipunctella. C o n t i n u e d deve lopmen t is, h o w -
ever, dependent on a th resho ld o f so i l m o i s t u r e
con ten t , and subsequent a d u l t emergence m a y
be re lated to f avo rab le so i l tempera tu res .
Nitrogen Balance Studies
In a l o n g - t e r m n i t rogen-ba lance t r i a l s tar ted in
1980, f o u r m i l l e t cu l t i va rs (Tab le 9 ) are g r o w n
each year in the same p lo ts w i t h the same rates o f
added n i t r o g e n . D u r i n g the 5 th year ( r a i ny sea-
son 1984) the m i l l e t cu l t i va rs had d i f fe ren t N 
response curves w i t h t o t a l d r y - m a t t e r y ie lds
increas ing s ign i f i can t l y ( P < 0 . 0 1 ) w i t h app l i ed
N . We recorded the highest m e a n d r y - m a t t e r
y ie ld (3260 k g ha
- 1
) f r o m m i l l e t c u l t i v a r E x -
B o r n u across the n i t r ogen levels and a mean
yie ld o f 3350 kg ha
- 1
 across cu l t i va rs w i t h 40 kg
N ha
- 1
. W i t h o u t a p p l y i n g any n i t r o g e n , E x -
B o r n u y ie lded 2590 k g h a
- 1
 t o t a l d r y m a t t e r d u r -
i n g th is season.
Bio log ica l N i t r o g e n F i x a t i o n
Microbial Associations
a d u l t m o t h s d u r i n g the c r o p p i n g season.
Bo re r inc idence was l o w e r in 1984 t h a n in 1983
( F i g . 8). P o p u l a t i o n s o f d i apaus ing larvae a t the
onset o f the season were also cons ide rab ly l ower :
2 9 / 1 0 0 stems in M a y 1983 a n d 14 /100 stems in
M a y 1984. R a i n f a l l was also m u c h l o w e r in 1984.
O u r observa t ions a lso show a g r a d u a l decrease
i n n u m b e r s o f d i apaus ing la rvae f r o m O c t o b e r t o
M a r c h ( F i g . 8), w i t h a sudden d r o p thereaf te r as
tempera tu res rise i n A p r i l . A d u l t m o t h s were
f i r s t recorded i n l i gh t t raps i n ear ly June w i t h
larvae a p p e a r i n g in stems la ter in the same
m o n t h . T w o bo re r generat ions were observed
w i t h peaks i n m i d - J u l y and m i d - S e p t e m b e r .
O u r studies i n v o l v i n g three s o w i n g dates c o n -
c lus ive ly i nd i ca ted h igher levels o f b o r e r damage
on la te -sown m i l l e t . Th i s t r end was no t a f fected
by the l o w bo re r p o p u l a t i o n s in 1984. A h igher
level of i n te rnode damage was recorded at a 
m u c h ear l ier g r o w t h stage in the late c r o p t h a n in
the ear ly c r o p . F o r e x a m p l e , on Sado re L o c a l
sown 1 June , we recorded 4 5 % stem in fes ta t i on
and 6% i n te rnode damage on 10 Sep tember , 103
D A S ; wh i l e on a c r o p sown 30 June we recorded
9 5 % stem in fes ta t i on and 27% in te rnode damage
on 12 Oc tobe r , 104 D A S .
Stem Borer (Acigona ignefusalis)
Inc idence a n d f l u c t u a t i o n . W e m o n i t o r e d i n c i -
dence and f l u c t u a t i o n in p o p u l a t i o n s o f Acigona 
ignefusalis m o n t h l y t h r o u g h o u t the year at the
I S C , us ing the s tem-sp l i t t i ng techn ique (100
stems samp le
- 1
) f o r la rvae , a n d l i gh t t raps f o r
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Figure 8. Seasonal f luctuation of Acigona larvae, Sadore , 1983 -1985 .
Table 9 . T o t a l dry -mat ter yield (kg h a
- 1
) o f pearl
mil let cultivars in the 5th season of a long- te rm,
ni trogen-balance t r ia l , l C R I S A T Center , ra iny season
1984
1
.
N a p p l i e d ( k g ha
- 1
)
C u l t i v a r 0 20 40 M e a n
BJ 104 1880 2720 3620 2740
Gam 73 1700 2260 2830 2260
700256 1710 2630 2930 2420
E x - B o r n u 2590 3170 4030 3260
S F ±207 ±117
M e a n 1970 2700 3350
S F ±111
C V ( % ) 15
1. M e a n o f 4 r e p l i c a t i o n s . N e t a rea h a r v e s t e d 21 m
2
. A basa l
dose of 9 kg P ha
- 1
 w a s a p p l i e d .
I n o u r i r r i g a t e d , l o n g - t e r m n i t r ogen -ba lance
t r i a l , 65 t r o p i c a l grasses have been g r o w n f o r 7 
years w i t h o u t the a d d i t i o n o f n i t r ogenous f e r t i -
l izer . M a x i m u m d r y - m a t t e r p r o d u c t i o n (37 100
kg h a
- 1
 i n c l u d i n g 2752 kg N ha
- 1
) was o b t a i n e d
by a h y b r i d , Pennisetum americanum x P. pur-
pureum ( N B 21) , over the 7-year p e r i o d . Severa l
o the r grasses, i n c l u d i n g m i l l e t x nap ie r grass
h y b r i d s , a lso p roduced h i g h d r y - m a t t e r y ie lds ,
bu t Pennisetum rupellii p r o d u c e d o n l y 42 000 kg
h a
- 1
, i n c l u d i n g 312 kg ha
- 1
 N d u r i n g the 7-year
p e r i o d o f the e x p e r i m e n t .
Responses to Inoculat ion wi th Ni t rogen- f ix ing
Bacteria
I n a f i e l d t r i a l d u r i n g the r a i n y season a t I C R I -
S A T Center , w e c o m p a r e d the effects o f i n o c u -
l a t i n g f o u r m i l l e t cu l t i va rs w i t h several s t ra ins o f
M J J R S O N D J F M A M J J R S O N D J
1 9 8 51 9 8 41 9 8 3
350
300
250
200
150
100
50
0
N o r m a l
l a r v a e
1 9 8 3
1 9 8 3 / 8 4
D r y s e a s o n
C r o p s e a s o n C r o p s e a s o n
1 9 8 4 / 8 5
D r y s e a s o n
1 9 8 4
D l a p o u s e
l a r v a e
102 Pearl Millet 
n i t r o g e n - f i x i n g bac te r ia . We observed a s i g n i f i -
cant ( P = < 0 . 0 5 ) g r a i n y ie ld i n t e r a c t i o n be tween
the host cu l t i va rs a n d bac te r ia l s t ra ins (Tab le
10). I n o c u l a t i o n s i g n i f i c a n t l y (P=<0.05) 
increased y ie lds i n B J 104 b y 3 0 . 3 % w i t h I C M
1001 a n d by 3 3 . 5 % w i t h I C M 2 0 0 1 . S i m i l a r l y , a 
s ign i f i can t ( P = < 0 . 0 5 ) increase i n the g r a i n y ie ld
o f I C M S 7703 occu r red i n the t rea tments i n o c u -
la ted w i t h A. lipoferum ( I C M 1001), A. chrooc-
occum ( I C M 2001), A. brasilense (2) and a 
m i x t u r e of A, brasilense (1 a n d 2) over the n o n -
i nocu la ted c o n t r o l . T w o o the r m i l l e t cu l t i va r s ,
W C - C 7 5 ( I C M V 1 ) a n d BK 560 d i d no t r espond .
W e observed t rends s im i l a r t o t ha t o f g r a i n y ie ld
f o r t o t a l d r y - m a t t e r p r o d u c t i o n b y m i l l e t
cu l t i va rs .
I n a n o t h e r f i e ld t r i a l , a t Bhavan isagar , w i t h
the same f o u r m i l l e t cu l t i va rs d u r i n g the 1984
ra i ny season, s ign i f i can t l y h igher (P=<0.05) 
g r a i n y ie lds across cu l t i va rs were f o u n d in i n o c u -
Tab le 10. G r a i n yield ( kg h a
- 1
) o f pearl mil let cult iv-
ars inoculated w i th n i t rogen- f ix ing bacter ia , I C R I -
S A T Center , ra iny season 1984
1
.
G r a i n y i e l d ( k g h a
- 1
)
C u l t i v a r
B J W C - l C M S B K
C u l t u r e 1 0 4 C 7 5 7 7 0 3 5 6 0 M e a n
A.lipoferum ( l C M 1001) 3390 3110 3380 2920 3200
A. chroococcum ( I C M 2001) 3630 2990 3150 3 1 3 0 3225
A. hrasilense ( 1 )
2
2770 3050 2920 2 9 1 0 2910
A. hrasilense ( 2 )
2
2970 3070 3140 3220 3110
A. bras i lense ( 1+2 )
2
3060 3250 3140 2 6 8 0 3030
N B R E
3
2930 2 9 9 0 2880 2 7 8 0 2890
N o n i n o c u l a t e d c o n t r o l 2600 3350 2580 3040 2890
SE ±168 ±86
M e a n 3050 3 1 2 0 3030 2 9 6 0
S E ±63
C V (%) 13
1. M e a n o f 6 r e p l i c a t i o n s . N e t a r e a h a r v e s t e d 6 m
2
, a basa l
f e r t i l i z e r dose o f 20 kg N a n d 9 kg P h a
- 1
 w a s a p p l i e d .
E a c h p l o t w a s i n o c u l a t e d o n c e , 1 0 d a y s a f t e r s o w i n g , w i t h
2.5 L o f l i q u i d i n o c u l u m p r e p a r e d by s u s p e n d i n g a 7 0 - g
pea t c u l t u r e ( v i a b l e b a c t e r i a l c o u n t o f 10
8
 ce l ls g
- 1
 o f p e a t )
i n 70 L o f w a t e r .
2 . C u l t u r e s o b t a i n e d f r o m I A R I , N e w D e l h i .
3 . N a p i e r B a j r a R o o t E x t r a c t .
Tab le 1 1 . G r a i n yield ( k g h a
- 1
) o f pear l mil let cu l t i -
vars inoculated wi th n i t rogen- f ix ing bacter ia , Bhava-
nisagar, ra iny season 1984
1
.
C u l t i v a r
BJ W C - I C M S B K
C u l t u r e 104 C 7 5 7703 560 M e a n
A.Iipoferum (ICM 1001) 1490 1890 1570 1650 1650
A. chroococcum 1420 1600 1270 1620 1480
( I C M 2001)
A. brasi lense ( S L 33)
2 1560 1720 1580 1640 1630
N B R E
3 1220 1490 1220 1510 1360
N o n i n o c u l a t e d
c o n t r o l 1240 1430 1270 1610 1390
SE ±128 ±61
M e a n 1390 1630 1380 1610
SE ±68
C V (%) 16
1. M e a n of 4 r e p l i c a t i o n s . N e t a rea h a r v e s t e d 6 m
2
, a basa l
dose o f 20 kg N a n d 9 kg P h a
- 1
 w a s a p p l i e d . E a c h p l o t
was i n o c u l a t e d a t s o w i n g w i t h 2.5 1 . o f l i q u i d i n o c u l u m
p r e p a r e d by s u s p e n d i n g a 70 -g peat c u l t u r e ( v i a b l e b a c t e -
r i a l c o u n t o f 10
8
 cel ls g
- 1
 o f p e a t ) i n 70 1 , o f w a t e r .
2 . C u l t u r e o b t a i n e d f r o m the U n i v e r s i t y o f A l b e r t a , E d m o n -
t o n , C a n a d a .
3 . N a p i e r B a j r a R o o t E x t r a c t .
l a t i o n t rea tmen ts w i t h A. lipoferum ( I C M 1001)
and A. brasilense ( S I 33). W C - C 7 5 i nocu la ted
w i t h A, lipoferum ( I C M 1001) gave the m a x i -
m u m increase (33%) i n g r a i n y ie ld over the n o n -
i n o c u l a t e d c o n t r o l (Tab le 11).
Screening Bacterial Strains
We screened t w e n t y - f o u r s t ra ins o f n i t r o g e n -
f i x i n g bacter ia i n assoc ia t ion w i t h p lan ts o f BJ
104 g r o w n in glass tubes f i l l ed w i t h nons te r i l i zed
A l f i s o l , o n a s a n d : f a r m y a r d m a n u r e ( F Y M ) m i x -
tu re (97:3) med ia . We used the in tac t p lan t tube
assay m e t h o d ( I C R I S A T A n n u a l R e p o r t 1982,
p. 88) to assay the p lan t s ' n i t rogenase a c t i v i t y
three t imes d u r i n g a 30-day g r o w t h p e r i o d . T h i s
assay m e t h o d is designed f o r screen ing bac te r i a l
s t ra ins f o r t he i r a b i l i t y t o s t imu la te n i t rogenase
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We a imed to increase the a v a i l a b i l i t y o f phos -
p h o r u s in r ock phospha te , a cheaper bu t
spar ing ly -so lub le p h o s p h o r u s fe r t i l i ze r , us ing
ves icu la r -a rbuscu la r m y c o r r h i z a ( V A M ) . Phos-
p h o r u s a b s o r p t i o n by p lants g iven ac idu la ted
K o d j a r i r ock phospha te at 4 kg P h a
- 1
 was
increased near ly f o u r f o l d b y V A M , c o m p a r e d t o
the c o n t r o l . M y c o r r h i z a l benef i ts t o pear l m i l l e t
were h igher w i t h l ower levels o f r o c k phospha te
t h a n w i t h the a d d i t i o n o f h igher levels,
E f f i c iency o f p h o s p h o r u s a b s o r p t i o n f r o m
rock phospha te var ied a m o n g V A M species and
isolates. T e n V A M cu l tu res were tested f o r the i r
p h o s p h o r u s - u p t a k e e f f ic iency f r o m K o d j a r i
rock phospha te . I n c o m p a r i s o n t o the n o n i n o c u -
la ted c o n t r o l , the percentage increase in p lan t
d r y - m a t t e r response t o V A M i n o c u l a t i o n ranged
f r o m 11 (Glomus epigaeum) to 305 (Glomus 
monosporum 2) ( F i g . 9) . P h o s p h o r u s up take
f r o m K o d j a r i r ock was increased by 169% w i t h
G. monosporum i n o c u l a t i o n b u t o n l y by 16%
w i t h G. epigaeum. W i t h i n a species, the t w o
isolates of G. monosporum (1 a n d 2) d i f fe red
s ign i f i can t l y i n the i r effects on p l a n t d r y m a t t e r
and p h o s p h o r u s u p t a k e , i n d i c a t i n g a need to
select e f f i c ien t V A M isolates. These results i n d i -
cate tha t i n o c u l a t i n g w i t h V A M w h e n us ing rock
Figure 9. Response of pearl mil let cult ivar BJ 104 to
inoculations wi th various mycorrh iza l fungi in Al f iso l
amended with Kod jar i rock phosphate (at the rate of 6 
kg P ha
- 1
 basal) , I C R I S A T Center , 1984. Treatments :
1 = C o n t r o l , 2 = R o c k phosphate ( R P ) , 3 = R P + G l o -
mus epigaeum, 4 = RP + Gigaspora calospora, 5 = RP + 
Glomus monosporum, 6= RP + Glomus caledonium, 
7 = RP + Glomus clarum, 8 = R P + Glomus fascicula-
turn, 9 = R P + Gigaspora margarita, 10 = RP + Glomus 
mosseae, 11 = RP + A caulospora sp, 12 = RP + Glomus 
monosporum.
W e showed ear l ier ( I C R I S A T A n n u a l R e p o r t
1983, p . 89) t ha t the ex ten t o f r o o t c o l o n i z a t i o n
b y V A M , phospho rus up take , and p lan t g r o w t h
in pear l m i l l e t depend i n pa r t on the m i l l e t geno -
type . Geno type-dependen t v a r i a t i o n i n m y c o r -
rh i za l c o l o n i z a t i o n was f u r t h e r c o n f i r m e d by
results ob ta ined f r o m f ie ld t r ia ls we conduc ted a t
I C R I S A T Cen te r and Bhavan isagar i n 1984
(Tab le 12). F o r the 20 genotypes e x a m i n e d , the
ranges in percentage c o l o n i z a t i o n were 19-39 f o r
I C R I S A T Cente r and 21 -46 f o r Bhavan isagar .
Mycorrhiza
Uti l izat ion of Rock Phosphate
Genotype-Dependent Colonizat ion
phosphate as a fe r t i l i ze r m i g h t be especia l ly
benef ic ia l i n the l o w p h o s p h o r u s , sandy soi ls o f
the semi -ar id t rop i cs .
T r e a t m e n t
a c t i v i t y i n assoc ia t ion w i t h pear l m i l l e t p lan ts .
N i t rogenase ac t i v i t y a t 22 days in p lan ts g r o w n
i n s a n d : F Y M m e d i u m , and i nocu la ted w i t h d i f -
fe rent stra ins o f n i t r o g e n - f i x i n g bacter ia var ied
f r o m 31-132 n m o l C 2 H 4 p l an t
- 1
 h
- 1
 c o m p a r e d t o
10 n m o l C 2 H 4 p l an t
- 1
 h
- 1
 f o r the n o n i n o c u l a t e d
c o n t r o l . S i m i l a r l y , the n i t rogenase ac t i v i t y a t 21
days i n p lan ts g r o w n i n nonster i l i zed A l f i s o l va r -
ied f r o m 2-68 n m o l C 2 H 4 p l an t
- 1
 h
- 1
 c o m p a r e d t o
1 n m o l C 2 H 4 p l an t
- 1
 h
- 1
 i n the n o n i n o c u l a t e d
c o n t r o l . T o t a l p l an t d r y ma t t e r va r ied f r o m 113-
168 m g p l a n t
- 1
 i n sand: F Y M m e d i u m and 132-
178 mg p l a n t
- 1
 i n so i l w i t h i n o c u l a t i o n ,
c o m p a r e d to 100 and 138 mg p lan t
- 1
 f o r n o n -
i nocu la ted p lants in the respect ive g r o w t h
med ia .
0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2
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Table 12. M y c o r r h i z a l colonizat ion of 20 genotypes
o f pearl mi l let , I C R I S A T Center and Bhavanisagar ,
rainy season 1984.
V A M c o l o n i z a t i o n (%)
1
I C R I S A T
G e n o t y p e C e n t e r B h a v a n i s a g a r M e a n
I P 4382 21 21 21
I C H 220 19 32 25
I P 3277 24 28 26
I P 6114 26 27 26
I P 5427 23 31 27
I P 4861 20 35 28
I P 3476 28 31 29
I P 4807 28 32 30
B J 104 21 40 30
I P 5310 35 26 30
S D L 29 32 30
W C C75 28 35 31
M B H 110 31 32 31
I P 6538 29 38 33
I P 5140 32 35 33
I P 5009 32 36 34
Z a n f a r w a 33 40 36
I P 5921 32 42 37
I P 4937 39 40 39
I P 5150 33 46 39
S E ±8.3 ±5.1
L o c a t i o n
m e a n 28 34 31
C V (%) 19
1. E a c h v a l u e is a m e a n o f 15 o b s e r v a t i o n s f r o m t h r e e
r e p l i c a t e p l o t s e a c h 4 .5 m
2
.
Extent o f P l a n t - V A M Association
I n R a j a s t h a n , n o r t h w e s t e r n I n d i a , pear l m i l l e t
roo ts a n d rh izosphere so i l were samp led to es t i -
mate the ex ten t o f V A M c o l o n i z a t i o n , p r o p a -
gule n u m b e r (so i l i n f ec t i v i t y ) , a n d p h o s p h o r u s
status in the so i l and p lan t (Tab le 13). So i l phos-
p h o r u s ava i lab le (Olsens ' P ) t o the p l a n t ranged
f r o m < 0 . 5 p p m t o 3 p p m across l oca t i ons , i n d i -
ca t i ng a l o w p h o s p h o r u s status. M e a n m y c o r -
r h i z a l c o l o n i z a t i o n w a s 5 5 - 6 0 % . V A M
We p lan ted over 1000 accessions f r o m the
Genet ic Resources U n i t , i den t i f i ed by t h e m as
h a v i n g 1000 g r a i n mass o f m o r e t h a n 9.0 g , and
f l o w e r i n g in less f r o m 80 days. T h e resu l tan t
gene p o o l w i l l be very va r iab le f o r m a n y a g r o -
n o m i c t ra i t s , and w i l l be i m p r o v e d f o r large seed
size us ing s imp le mass se lec t ion.
T w o o f the h ighes t -y ie ld ing h y b r i d s i n the
Pear l M i l l e t A d v a n c e d H y b r i d T r i a l ( P M A H T )
i n 1984, I C M H 83506, and I C M H 83507, u t i l -
ized p o l l i n a t o r s b red i n o u r Genet ic D i v e r s i f i c a -
t i o n Pro jec t (Source M a t e r i a l P ro jec t ) ; one
p o l l i n a t o r was de r i ved f r o m a cross be tween B 
282 and S 10B, and the o the r f r o m a cross
between S l O B a n d L C S N 1225 ( T a b l e 14). Th ree
a d d i t i o n a l h y b r i d s f r o m p o l l i n a t o r s b red i n the
Genet ic D i v e r s i f i c a t i o n Pro jec t are u n d e r test in
the A I C M I P I n i t i a l H y b r i d s T r i a l , 1984.
T w o var iet ies ( I C T P 8202 and I C T P 8203)
bred by i n t e r m a t i n g selected S 2 p rogen ies f r o m
m a t e r i a l co l lec ted i n T o g o are p e r f o r m i n g w e l l .
Genet ic Resources U t i l i z a t i o n
P l a n t I m p r o v e m e n t
i n f ec t i v i t y o f soi ls i n l o w r a i n f a l l d i s t r i c ts was
very l o w c o m p a r e d t o t ha t i n i n t e rmed ia te r a i n -
fa l l reg ions , p r o b a b l y because V A M does n o t
surv ive we l l i n d r y soi ls. C o n s i d e r i n g t ha t p l a n t
g r o w t h and percentage shoo t p h o s p h o r u s were
near n o r m a l ( 0 . 2 % d r y mass), i t i s poss ib le t ha t
pear l m i l l e t der ives cons iderab le benef i t f r o m
V A M assoc ia t ion . Th i s ef fect c o u l d poss ib ly b e
f u r t h e r enhanced by select ing m o r e e f f i c ien t
assoc ia t ions.
N e a r l y 7 0 V A M isolates f r o m Ra jas than are
n o w be ing c u l t u r e d on Cenchrus ciliaris a t I C R I -
S A T Center , and they w i l l be tested f o r t he i r
g r o w t h - s t i m u l a t i o n e f f ic iency. S o m e o f the f u n g i
sporu la te p ro fuse l y ( F i g . 10 a and b) a n d are easy
to m u l t i p l y in large quan t i t i es . A cu l t u re p r o d u c -
i n g t w o spore types, a large one w i t h sub tended
a t t a c h m e n t ( F i g . 10 c) and a sma l le r one on a 
b r a n c h i n g , t h i n n e r m y c e l i u m , w i t h ' G l o m u s
t ype ' a t t a c h m e n t , was observed f o r the f i rs t t i m e
f r o m the Ra jas than isolates.
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Table 13. M y c o r r h i z a l status of roots, propagule density in rhizosphere, and shoot phosphorus concentrat ion of
pearl mi l let in farmers' f ields, Ra jas than , I n d i a , ra iny season 1983.
V A M
c o l o n i z a t i o n
S o i l i n f e c t i v i t y
( p r o p a g u l e s /
S h o o t
p h o s p h o r u s
D i s t r i c t
1
(%)
2 100 m L )
3 ( % d r y mass)
L o w r a i n f a l l d i s t r i c t s
B i k a n e r 48 ± 2.5 65 ± 14.4 0.26 ± 0 .050
C h u r u 49 ± 5.5 257 ± 44.8 0.23 ± 0.035
N a g a u r 60 ± 3.6 104 ± 15.3 0.26 ± 0 . 1 1 5
J a i p u r (wes t ) 51 ± 9 . 5 2360 ± 0 0.15 ± 0 . 0 3 1
J o d h p u r 60 ± 3.7 1056 ± 281.1 0.15 ± 0 . 0 1 4
S i k a r 69 ± 3.1 2360 ± 0 0.31 ± 0 . 0 4 0
I n t e r m e d i a t e r a i n f a l l d i s t r i c t s
A l w a r 54 ± 2.6 1435 ± 462 .4 0.23 ± 0.033
J a i p u r (east) 63 ± 3.7 2358 ± 0 0.17 ± 0 . 0 2 2
1 . E a c h v a l u e i s a m e a n o f 4 -12 f i e l ds w i t h i n each d i s t r i c t ; each f i e l d m e a n was d e r i v e d f r o m t h r e e r a n d o m p l a n t s .
2 . L o w r a i n f a l l d i s t r i c t s rece ive < 3 5 0 m m a n d i n t e r m e d i a t e r a i n f a l l d i s t r i c t s rece ive > 5 0 0 m m r a i n f a l l d u r i n g t h e r a i n y season .
3 . S o i l i n f e c t i v i t y e s t i m a t e d b y m o s t p r o b a b l e - n u m b e r m e t h o d u s i n g so i l d i l u t i o n .
Figure 10. M y c o r r h i z a l fungi isolated f r o m sandy soils in Ra jas than , I n d i a , a. and b. profusely-sporulat ing Glomus 
species (x100) ; c. fungus wi th t w o spore types borne on the same mycel l ium (x200) .
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T h e t o p - y i e l d i n g h y b r i d s i n P M A H T y ie lded
109% t o 116% o f the c o n t r o l h y b r i d M B H 110,
a n d 126% t o 133% o f I C M S 7703, the c o n t r o l
synthet ic va r i e t y (Tab le 14).
T h r o u g h recur ren t se lect ion f o r speci f ic c o m -
b i n i n g a b i l i t y in a cross be tween I C P 165 and
I C P 105 us ing male-s ter i le l ine 8 1 A ( I C M A l ) a s
tester, we observed a y ie ld s u p e r i o r i t y of the
der i ved h y b r i d s o f m o r e t h a n 3 0 % over I C M S
7703 (Tab le 15).
S ix teen advanced p o l l i n a t o r s have been
i m p r o v e d f o r D M resistance, a co l l ec t i on o f 264
Figure 11. Heads of pearl mil let variety I C T P 8203
bred by intermating selected S2 progenies f rom germ-
plasm accessions collected in Togo.
e l i te , restorer l ines has been establ ished f o r
cross ing on to new male ster i les, a n d 20 el i te
p o l l i n a t o r s have been r a n d o m mated to establ ish
the Restorer C o m p o s i t e I I . R a p i d gene ra t i on
advance (3 genera t ions a year) in progenies of s ix
compos i tes i s be ing f o l l o w e d to der ive h o m o z y -
Table 14. Per formance of selected pearl mil let hybrids for grain yield (kg ha
- 1
) , days to 5 0 % f lower ing , and plant
height ( c m ) a t I C R I S A T Center , Bhavanisagar, and Ja lna , and D M incidence a t Bhavanisagar , Pearl M i l l e t
A d v a n c e d H y b r i d T r i a l ( P M A H T ) , rainy season 1984.
G r a i n y i e l d ( k g h a
- 1
)
M e a n D a y s M e a n D M
I C R I S A T g r a i n y ie ld to 5 0 % p l a n t he igh t inc idence
E n t r y C e n t e r B h a v a n i s a g a r J a l n a ( k g h a
- 1
) R a n k f l o w e r i n g ( c m ) (%)
I C M H 83506 4210 3670 3140 3670 1 52 195 0
I C M H 83507 4140 3390 3260 3600 3 53 200 0
I C M H 83401 4100 3230 3240 3520 5 52 200 0
I C M H 83402 4000 3030 3350 3460 8 52 210 0
C o n t r o l s
M B H 110 3620 2550 3300 3160 15 46 180 0
I C M S 7703 3290 2370 2590 2750 23 52 205 1
W C - C 7 5 3080 2560 2920 2860 24 51 210 0
B K 560 3320 2220 2480 2670 22 49 180 5
SE ±252 ±210 ±172 ±0.53 ±6.1 ±0.2
M e a n
1 3740 2900 2940 3190 52 197 0.32
C V (%) 12 14 6
1 . O f 25 e n t r i e s .
Hybr id Testing and Pollinator (R-l ine)
Breeding
I C T P 8203 ( F i g . 11) i s i n A I C M I P t r ia ls a n d was
the second ranked va r i e t y i n the I n t e r n a t i o n a l
Pear l M i l l e t A d a p t a t i o n T r i a l ( I P M A T 9 ) 1984,
across 11 I n d i a n loca t ions (Tab le 20). I C T P 8202
i s p e r f o r m i n g we l l i n S u d a n . T h e t w o t o p - r a n k e d
h y b r i d s i n I P M A T 9 , ( I C M H 505 a n d I C M H
82601) were also on p o l l i n a t o r s b red in o u r
Genet ic D i v e r s i f i c a t i o n Pro jec t (Tab le 20).
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Table 15. Per formance of test crosses of pearl mi l let
S1 lines f r o m the cross I C P 165 x I C P 105 selected for
specific combin ing abil i ty using 8 1 A as tester, I C R I -
S A T Center , ra iny season 1984.
G r a i n y i e l d ( k g h a
- 1
)
D a y s
t o 5 0 %
f l o w e r i n g
P l a n t
he igh t
( c m )En t r i es M e a n R a n g e
Top 10 3110 ± 238 2930-3390 53 150
entries
Whole t r ia l 2280±365 1470-3390 54 135
(141 test
entries)
Contro ls
1
1880 46 130
1 . M e a n s o f t h r e e c o n t r o l s , I C M S 7703 , W C - C 7 5 , B K 560 .
gous , D M - r e s i s t a n t , i nb red l ines f o r test c ross ing
on to new male-ster i le l ines.
A t I S C , N i a m e y , 92 test crosses were made on
three p o t e n t i a l male-s ter i le l ines a n d on 81 A .
Seven o f the test-cross h y b r i d s were f o u n d p r o m -
is ing , and seed w i l l be increased f o r e v a l u a t i o n in
large p lo ts in 1985. In genera l , the f i rs t expe-
r i ence o f eva lua t i ng hyb r i ds a t I S C p r o v e d to be
va luab le . H y b r i d s were re la t ive ly ear ly w i t h
reduced he igh t , ear l eng th , and increased t i l l e r -
i n g . H o w e v e r , D M pressure was no t h i g h
enough to c o m p a r e the reac t i on o f testcrosses
w i t h suscept ib le c o n t r o l s ; th is w i l l need to be
m o n i t o r e d ca re fu l l y i n the f u t u r e . T h e h y b r i d s
appeared to have a h ighe r y ie ld p o t e n t i a l t h a n
loca l , o r i m p r o v e d loca l var ie t ies, bu t th is needs
to be c o n f i r m e d us ing a range of ma le steri les
and p o l l i n a t o r s over the nex t few years.
Breed ing M a l e - S t e r i l e L ines
T h e d w a r f male-s ter i le l ine 8 1 A i s n o w f i n d i n g
increas ing use in the I n d i a n h y b r i d p r o g r a m s .
T w o hyb r i ds o n 8 1 A were a m o n g the h ighest -
y i e l d i n g h y b r i d s i den t i f i ed i n the P M A H T . F o u r
m o r e male-s ter i le l ines, 8 3 3 A , 8 4 3 A ( I C M A 2 ) ,
8 4 2 A ( I C M A 3), a n d 8 3 4 A ( I C M A 4) , were
f o u n d p r o m i s i n g i n A I C M I P ' s male-ster i le l ines
nurse ry , a n d have been r e c o m m e n d e d b y A I C -
M I P f o r genera l use as seed parents . Resul ts o f
rep l ica ted t r ia ls o f the hyb r i ds made on these
male-ster i le l ines ind ica te t ha t est imates o f the i r
genera l c o m b i n i n g a b i l i t y va r ied f r o m one test t o
ano the r . In genera l , a l l these male-s ter i le l ines
were as g o o d in h y b r i d c o m b i n a t i o n as 81 A .
T h e y can be expected to p r o d u c e as h i g h , o r
h ighe r - y i e l d i ng h y b r i d s t h a n 8 1 A o r 5141 A , t h a t
f lower up to a week ear l ier in the g r o w i n g season
and have la rger seed.
On the basis o f resul ts pub l i shed by w o r k e r s i n
the U S A , we have star ted expe r imen ts on us ing
the a n t i b i o t i c M i t o m y c i n t o i nduce m u t a t i o n s
f o r cy top lasm ic male s te r i l i t y i n t w o m a i n t a i n e r
l ines, 834B ( I C M B 2 ) and 8 3 3 B , w h i c h have
d i f fe ren t cy top lasm ic b a c k g r o u n d s .
The genet ic base o f the male-s ter i le p r o g r a m ,
in the A1 c y t o p l a s m sys tem, has unde rgone sub-
s tan t ia l d i ve rs i f i ca t i on w i t h the a v a i l a b i l i t y o f
1266 F 4 progenies (397 der i ved f r o m BxB a n d
849 f r o m BxR crosses), and 354 F 5 p rogen ies
(779 f r o m BxB a n d 75 f r o m BxR crosses). These
progenies have a w ide range of m a t u r i t y , head
t ype , seed size, a n d t i l l e r i n g a b i l i t y , a n d a l l o f
t h e m are i n the ear ly - and m e d i u m - m a t u r i n g
g roups .
A t I S C , N i a m e y , male-s ter i le l ines w i t h e igh t
d i f fe ren t genet ic backg rounds are n o w in the 3 rd
to 7 th backcross genera t i on . Several new i nb reds
have been iden t i f i ed f o r possib le c o n v e r s i o n i n t o
male-ster i le l ines.
Breed ing P o p u l a t i o n Var ie t ies
Seven pear l m i l l e t compos i t e p o p u l a t i o n s , w h i c h
d i f fe r i n m a t u r i t y , p l a n t he igh t , and y i e l d i n g
a b i l i t y are be ing i m p r o v e d by us ing S , a n d m o d i -
f ied ha l f -s ib recu r ren t se lect ion f o r g r a i n y i e l d ,
a d a p t a t i o n , a n d resistance to diseases. By the
end o f the 1984 s u m m e r season the f o l l o w i n g
cycles o f select ion were c o m p l e t e d in the c o m p o -
sites: 7 in M e d i u m a n d Super Serere, 5 in E a r l y
and In te r V a r i e t a l , 4 in N e w E l i t e , 3 in D 2 D w a r f ,
and 2 in the S m u t Resis tant C o m p o s i t e .
In each cycle, 50-60 supe r i o r p rogen ies are
r e c o m b i n e d t o recons t i tu te the p o p u l a t i o n t o
star t the nex t cycle o f se lec t ion. F r o m the f a m i -
lies of S 1 l ines w h i c h p e r f o r m e d w e l l , 15-20
super io r progenies are i d e n t i f i e d , a n d on the
basis o f speci f ic a n d ac ross - loca t ion p e r f o r -
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mance , are crossed i n g r o u p s o f 5-9 t o f o r m
p o p u l a t i o n var ie t ies. A f t e r the i r test i n I C R I -
S A T i n i t i a l , advanced , a n d i n t e r n a t i o n a l m u l t i -
l o c a t i o n a l t r i a l s , the best p e r f o r m i n g var ie t ies
are entered i n the A I C M I P t r i a l s , c o n d u c t e d a t
near l y 20 loca t ions i n I n d i a . F i ve var ie t ies f r o m
ear l ie r cycles o f compos i tes , 2 f r o m the N e w
El i te , a n d 3 f r o m the I n t e r V a r i e t a l compos i tes
are c u r r e n t l y u n d e r test i n these t r ia l s . O u t o f
these, I V C - P 7 8 showed the h ighest g r a i n y ie ld i n
its 2 years of A I C M I P tests, i.e., the 1982 Pear l
M i l l e t I n i t i a l P o p u l a t i o n T r i a l ( P M I P T ) a n d the
1983 Pear l M i l l e t A d v a n c e d P o p u l a t i o n T r i a l
( P M A P T ) . N E L C - H 7 9 gave the h ighest g r a i n
y ie ld i n its f i r s t test i n the i n i t i a l A I C M I P t r i a l i n
1983.
T h e g r a d u a l , cyc l ic i m p r o v e m e n t o f the c o m -
posites has led to the d e v e l o p m e n t o f h ighe r -
y i e l d i ng var iet ies f r o m the i r advanced cycles. O f
the 33 var iet ies f o r m e d in 1982, 16 ou t - y i e l ded
W C - C 7 5 i n the Pear l M i l l e t I n i t i a l V a r i e t y T r i a l
( P M I V T ) , 1982, a n d the Pear l M i l l e t A d v a n c e d
V a r i e t y T r i a l ( P M A V T ) , 1983. F i ve o f t h e m w i t h
g r a i n y ie lds o f 108 to 115% o f W C - C 7 5 were
p r o m o t e d t o I P M A T 1984. I C M V 82132, a 
h i g h e r - y i e l d i n g va r ie t y b red f r o m the S m u t Res-
is tant C o m p o s i t e , showed g o o d levels o f resist-
ance t o b o t h smu t a n d D M and was the
t o p - p e r f o r m i n g va r i e t y i n I P M A T 1984 over 1 1
I n d i a n l oca t i ons ( T a b l e 20).
O f the 3 9 var ie t ies tested i n P M I V T i n 1983,20
ou t - y i e l ded W C - C 7 5 , and 8 of these showed a 
y ie ld s u p e r i o r i t y o f 110 t o 116% i n P M A V T i n
1984 ( T a b l e 16). M e d i u m , N e w E l i t e , a n d I n te r
V a r i e t a l Compos i t es were the source o f m o s t o f
the h i g h e r - y i e l d i n g var ie t ies.
T w e n t y - f i v e var ie t ies were b red f r o m the latest
cycles o f N e w E l i t e , M e d i u m , a n d S m u t Resis-
t an t C o m p o s i t e s tested i n P M I V T , 1984. E igh t
var iet ies f r o m N e w E l i t e , 7 f r o m M e d i u m , a n d 10
f r o m the S m u t Resis tant C o m p o s i t e showed a 
mean s u p e r i o r i t y f o r g r a i n y ie ld o f 119%, 120%,
a n d 112% respect ive ly , c o m p a r e d t o W C - C 7 5
(Tab le 17).
B r e e d i n g Synthet ic Var ie t ies
I n b r e d l ines a n d p a r t i a l i nb reds used as paren ts
o f synthet ics are de r i ved t h r o u g h pedigree selec-
t i o n f r o m crosses be tween mate r ia l s o f v a r i o u s
Table 16. Per formance of selected pearl mi l let varieties in Pear l M i l l e t In i t ia l Var ie ty T r i a l ( P M I V T ) a t f ive
locat ions, and Pear l M i l l e t Advanced Var ie ty T r i a l ( P M A V T ) a t three locat ions, ra iny seasons 1983 and 1984.
G r a i n y i e l d ( k g ha
- 1
)
P M I V T 8 3
1 P M A V T 84
2
D a y s t o 5 0 % f l o w e r i n g
3
C o m p o s i t e
source
% o f
W C - C 7 5
% o f
W C - C 7 5E n t r y M e a n R a n k M e a n R a n k P M I V T 8 3 P M A V T 8 4
l C M V 83117 M e d i u m 2600 10 117 3000 1 116 52 50
l C M V 83101 I n t e r V a r i e t a l 2880 1 129 2970 3 115 55 54
I C M V 83131 N e w E l i te 2590 11 117 2930 5 114 52 51
I C M V 83118 M e d i u m 2780 5 125 2930 6 114 53 51
I C M V 83115 M e d i u m 2410 26 109 2920 7 113 51 51
I C M V 83104 I n t e r V a r i e t a l 2870 2 129 2870 8 111 53 53
I C M V 83111 M e d i u m 2360 29 106 2840 9 110 51 51
I C M V 83124 N e w E l i t e 2460 24 111 2840 9 110 52 52
C o n t r o l
W C - C 7 5 2220 38 2580 30 50 50
S E ±296 ±95 ±0.5 ±0.4
1. 39 test e n t r i e s .
2 . 28 test e n t r i e s .
3 . I C R I S A T C e n t e r .
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Table 17. Per formance o f selected pear l mi l let varieties in P M I V T . M e a n s o f H i s a r , I C R I S A T Center , and
Bhavanisagar , rainy season 1984.
G r a i n y ie ld ( k g h a
- 1
)
D a y s
t o 5 0 %% o f
Var ie t i es C o m p o s i t e source M e a n R a n k W C - C 7 5 f l o w e r i n g
N E L C - P 8 3 0 4 N e w E l i t e 3020 1 127 52
N E L C - P 8 3 0 1 N e w E l i t e 2980 4 125 51
N E L C - A 8 3 N e w E l i t e 2970 5 125 51
A l l var ie t ies (8) N e w E l i t e 2840 - 119 51
M C - P 8 3 0 6 M e d i u m 3020 2 127 49
M C - P 8 3 0 7 M e d i u m 3020 3 127 51
M C - P 8 3 0 2 M e d i u m 2960 6 124 49
A l l va r ie t ies (8) M e d i u m 2855 - 120 50
S R C - P 8 3 0 2 S m u t Res is tan t 2890 8 121 51
S R C - H 8 3 0 1 S m u t Res is tan t 2860 10 120 52
A l l va r ie t ies (10) S m u t Res is tan t 2660 - 112 51
C o n t r o l
W C - C 7 5 2380 29 - 50
S E ±125 ±0.6
M e a n 2740 52
or ig ins : parents o f synthet ics w i t h p r o v e n p e r f o r -
mance , new l ines f r o m the genet ic d i v e r s i f i c a t i o n
p ro jec t , p o p u l a t i o n progen ies , and a g r o n o m i -
ca l l y -use fu l , disease-resistant l ines. T h e i n b r e d
l ines are i den t i f i ed as parents o f synthet ics on the
basis o f the i r p e r f o r m a n c e a n d by an assessment
o f t he i r c o m b i n i n g ab i l i t ies us ing a d ia l l e l c ross-
i n g techn ique .
In 1984, we eva lua ted as p o t e n t i a l parents 480
F1s, 350 F2s, 1500 to 2500 F 3 t h r o u g h F 6 p r o g e n -
ies, and 425 inb reds . We tested 116 inbreds m u l -
t i l o c a t i o n a l l y i n seven d ia l l e l c o m b i n a t i o n
g r o u p s , 53 synthet ics i n t w o i n i t i a l t r i a l s , and 22
synthet ics i n one advanced t r i a l .
A m o n g the synthet ics tested d u r i n g 1984 in
the Pear l M i l l e t A d v a n c e d Synthe t ics T r i a l
( P M A S T ) , I C M S 8253, l C M S 8139, and I C M S
8274 were the t o p p e r f o r m e r s .
T h e S m u t Resis tant Syn the t i c , I C M S 8283,
w h i c h p e r f o r m e d we l l i n p rev ious years ' tests,
y ie lded 100% o f the mean o f the c o n t r o l s i n
l P M A T a n d was r a n k e d 14.
Syn the t i cs b red i n th is p ro jec t a n d c o n t r i b u t e d
t o A I C M I P t r ia l s , c o n t i n u e d t o b e h i g h - y i e l d i n g .
I C M S 7703 a f ter 6 years of tes t ing at 27 loca t ions
was r e c o m m e n d e d f o r a l l I n d i a release i n A p r i l
1984 (Tab le 18). I C M S 7704, a t o p - p e r f o r m i n g
en t r y across 27 loca t ions in I n d i a since 1980, was
entered in the 1984 n a t i o n a l m i n i k i t t r i a l s .
T h e I S C pear l m i l l e t b reed ing p r o g r a m i s i n i ts
3 rd year o f o p e r a t i o n . E f f o r t s i n va r i e t y b reed ing
were devo ted t o w a r d s f o r m i n g new p o p u l a t i o n s ,
t o eva lua t i ng new v a r i a b i l i t y received f r o m o the r
p r o g r a m s i n the r e g i o n , gene ra t i on o f new v a r i a -
b i l i t y , and to the e v a l u a t i o n o f progenies der i ved
f r o m i n te r va r i e ta l crosses. D u r i n g 1984 we were
able to i d e n t i f y several p rogen ies , based on pe r -
f o r m a n c e da ta over the last 3 years, f o r use as
syn the t ic paren ts .
Ove r 900 l ines have been eva lua ted f r o m o the r
p r o g r a m s ( I C R I S A T / I n s t i t u t e f o r A g r i c u l t u r a l
Research ( I A R ) , N i g e r i a , I C R I S A T / I n s t i t u t
N a t i o n a l d e Recherche A g r o n o m i q u e d u N i g e r
( I N R A N ) , a n d I C R I S A T / I n s t i t u t Senegalais d e
Recherche A g r i c o l e ( I S R A ) . T h i r t y F 1 p o p u l a -
t i ons , 172 F 2 p o p u l a t i o n s , a n d 1362 F 3 , 235 F 4 ,
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Table 18. Per formance of selected pearl mi l let synthetics in Pear l M i l l e t Advanced Synthet ic T r i a l ( P M A S T ) a t
four locat ions, ra iny season 1984.
G r a i n y i e l d ( k g h a
- 1
)
%
ove r
D a y s
t o 5 0 %
P l a n t
he igh t
D M
inc idenceI C R I S A T C e n t e r B h a v a n i -
E n t r y M e a n R a n k HF
1 LF
1
sagar H i s a r c o n t r o l s f l o w e r i n g
3
( c m )
3
(%)
4
I C M S 8253 2350 1 3120 730 2790 2740 121 52 232 2.8
I C M S 8139 2160 2 2760 620 2390 2850 111 51 226 4.4
I C M S 8274 2140 3 2460 760 2370 2990 110 51 224 2.4
I C M S 8240 2120 4 2850 560 2590 2500 109 51 225 3.0
I C M S 8261 2120 5 2520 610 2840 2500 109 50 220 10.6
I C M S 8102 2090 6 2690 590 2730 2360 108 50 220 4.1
I C M S 8148 2090 7 2400 560 2300 3090 108 52 216 4.2
I C M S 8152 2080 8 2390 650 2930 2350 107 51 219 4.8
C o n t r o l s
B K 560 2020 11 2730 620 2040 2700 104 47 205 1.4
VVC-C75 1940 19 2440 390 2650 2290 100 51 228 4.9
I C M S 7703
2
1860 22 2550 520 1960 2400 96 49 222 6.6
SE ±159 ±72 ±252 ±216 ±0.4 ±3.4
M e a n 2020 2560 580 2490 2450 50 218
C V (%) 11 22 17 15 1.5 2.7
1 . H F = H i g h F e r t i l i t y , 80 kg N a n d 18 kg P h a
- 1
; L F = L o w F e r t i l i t y , 20 kg N a n d 9 kg P h a ' .
2 . R e c o m m e n d e d f o r re lease i n A p r i l 1984.
3 . I C R I S A T C e n t e r H i g h F e r t i l i t y .
4 . I C R I S A T C e n t e r D i sease N u r s e r y .
and 59 F 5 p rogenies were eva lua ted f r o m crosses
made a t I S C . V a r i o u s backcross a n d S , p r o g e n -
ies have been eva lua ted a n d select ions have been
made t o f o r m synthet ics .
Select ion f o r Increased G r a i n Size
I n a n u m b e r o f s tud ies, we have f o u n d t h a t g r a i n
n u m b e r a n d g r a i n size are n o t negat ive ly c o r r e -
la ted in pea r l m i l l e t , as they are in m o s t o t he r
cereals ( I C R I S A T A n n u a l R e p o r t 1978 /79 ,
pp .68 -69 ) . Th i s f i nd ing suggested t h a t i t m i g h t
be possib le to select f o r i m p r o v e d g r a i n size w i t h -
o u t a c o r r e s p o n d i n g decrease in g r a i n n u m b e r ,
and the reby to increase g r a i n y i e l d .
We i n i t i a t ed a s tudy to test th is hypo thes i s ,
us ing t w o o p e n - p o l l i n a t e d var ie t ies , I C M S 7703
a n d I C M S 7938. W e g rew a p p r o x i m a t e l y 1400
spaced p lan ts o f each on w h i c h the m a i n head
was lef t t o c ross -po l l i na te unde r n a t u r a l c o n d i -
t i ons a n d the f i r s t t i l l e r selfed to p r o d u c e an S ,
p rogeny . Seed size was es t ima ted on the m a i n
head as 100 g r a i n mass. In 1984, a se lec t ion of S,
l ines represent ing a range of seed sizes in the S0
p lan ts were g r o w n , to c o m p a r e seed size in b o t h
genera t ions and to es t imate h e r i t a b i l i t y o f th is
t r a i t . W e a lso used da ta f r o m th is e x p e r i m e n t t o
test the re l a t i onsh ip o f seed size to o the r y ie ld
c o m p o n e n t s .
The re was a b r o a d range of i n d i v i d u a l seed
sizes in the S 0 gene ra t i on of p o p u l a t i o n s ; 0.50 to
1.40 g / 1 0 0 seeds in I C M S 7703 a n d 0.35 to 1.35
g / 1 0 0 seeds i n I C M S 7938. Seed-size da ta f r o m
the S , p r o g e n y t r i a l suggested t ha t se lec t ion f o r
seed size shou ld be ef fect ive on I C M S 7703
where there was a c o r r e l a t i o n ( r = 0 . 5 0 * * )
be tween S 0 p l a n t a n d S , p rogeny r o w seed-size
( F i g . 12). W i t h I C M S 7938 the c o r r e l a t i o n coef -
f i c ien t was r=0 .26 .
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We c o m p a r e d the effects o f v a r i a t i o n i n g r a i n
size on y ie ld and y ie ld c o m p o n e n t s f o r b o t h
p o p u l a t i o n s (Tab le 19). Seed size was negat ive ly
cor re la ted to g r a i n n u m b e r n r
2
 as a consequence
o f a negat ive re l a t i onsh ip to g r a i n n u m b e r p a n i -
c le
- 1
. Th i s was n o t t o t a l l y unexpec ted , a l t h o u g h
i t cont ras ts w i t h p rev ious compa r i sons a m o n g
d i f fe ren t cu l t i va rs , p r o b a b l y because d i f ferences
in g r a i n size were a resul t of speci f ic se lect ion
ra the r t h a n chance v a r i a t i o n . Seed size was s ig -
n i f i c a n t l y re la ted to g r a i n y ie ld pan i c le
- 1
, a n d as
Table 19. Corre lat ions of S, grain size to S, grain
yield and yield components in pearl mi l let varieties
I C M S 7703 and I C M S 7938, I C R I S A T Center , ra iny
season 1984.
I C M S I C M S
7703 7938
C o r r e l a t i o n o f g ra in size a n d : C o r r e l a t i o n coe f f i c ien t
Pan ic les m
- 2
-0 .05 -0 .12
G r a i n n u m b e r p a n i c l e
- 1
- 0 . 3 3 * * -0 .26
G r a i n mass p a n i c l e
- 1
0 . 3 3 * * 0.28
G r a i n s m
- 2
- 0 . 4 6 * * - 0 . 3 7 * *
G r a i n mass m
- 2 0 . 4 4 * * 0.26
Range in seed size (g /100 seeds) 0.50-0.97 0.42-0.87
N u m b e r o f S , p rogen ies 90 43
a consequence, to g r a i n y ie ld per u n i t a rea , o n l y
in I C M S 7703. Seed size, howeve r , exp la i ned a 
lesser f r a c t i o n o f the v a r i a t i o n i n y ie ld (19%)
t h a n d i d g r a i n n u m b e r (35%) .
I n d i v i d u a l S 1 p rogeny f r o m I C M S 7703 w h i c h
c o m b i n e a large seed size (at least one SE grea t -
e r t h a n the m e a n o f the o r i g i n a l p o p u l a t i o n ) a n d
g o o d g r a i n y ie ld (equa l t o t ha t o f the o r i g i n a l
p o p u l a t i o n ) w i l l be r e c o m b i n e d to f o r m a new
synthet ic to test the effect o f se lect ion f o r la rger
seed size on g r a i n y i e l d .
I n t e r n a t i o n a l C o o p e r a t i o n
As i n p rev ious years, the m a j o r ac t iv i t ies o f th is
p ro jec t were d i s t r i b u t i n g el i te b reed ing m a t e r i a l
t o coope ra to rs t h r o u g h t r ia ls and nurser ies, pa r -
t i c i p a t i o n i n the N a t i o n a l c o o r d i n a t e d t r ia ls i n
I n d i a a n d mee t ing the seed requests o f c o o p e r a -
to rs . The I P M AT 9 had 20 entr ies (8 h y b r i d s , 5 
synthet ics , a n d 7 var ie t ies) . T h e t r i a l was d i s -
pa tched to 30 loca t ions in I n d i a , P a k i s t a n , and
Niger . T h e results f r o m 11 loca t ions in I n d i a
ind ica ted tha t I C M H 505 and I C M H 82601 were
the h ighes t -y ie ld ing h y b r i d s . T h e h ighest -
y i e l d i n g var iet ies were I C M V 82132 (a s m u t -
res is tant , p o p u l a t i o n va r i e t y ) , I C T P 8203 (also
i n A I C M I P t r ia l s ) , I C M V 82113, I C T P 8202,
and I C M S 8283 (a smut - res is tan t , syn thet ic va r -
ie ty ) (Tab le 20). I t i s very e n c o u r a g i n g t ha t
I C M H 505 is a s e m i - d w a r f h y b r i d , the resul t o f a 
cross between a new d 2 d w a r f male-s ter i le (843 A)
and a d 2 d w a r f p o l l i n a t o r , a n d t h a t t w o o f the
b e s t - p e r f o r m i n g var iet ies are resistant to b o t h
D M a n d smu t .
T h i r t e e n var ie t ies , h y b r i d s , a n d synthet ics
f r o m I C R I S A T were inc luded i n va r i ous A I C -
M I P t r ia ls i n 1983, w i t h W C - C 7 5 ( I C M V 1 ) a s
one o f the s tanda rd con t ro l s . T h e p e r f o r m a n c e
o f I C R I S A T var iet ies con t inues t o b e super io r
w h e n c o m p a r e d t o o the r ent r ies , i n c l u d i n g c o n -
t ro ls (Tab le 21).
O u r regu la r t r i a l s , a n d i n p a r t i c u l a r o u r n u r -
series, have c o n t i n u e d to be a va luab le source of
genet ic m a t e r i a l f o r coope ra to r s ' b reed ing p r o -
g rams . T h e I C R I S A T Pear l M i l l e t U n i f o r m
Progeny N u r s e r y was requested by m o r e t h a n 20
Figure 12. Relat ionship of I C M S 7703 S 1 progeny r o w
m e a n seed size to S0 p lant m a i n head seed size. I C R I -
S A T Center , rainy season 1984.
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Table 20 . M e a n performance of selected entries in the
Internat ional Pearl M i l l e t Adapta t ion Tr ia l ( I P M A T
9) , across eleven locations in I n d i a , 1984.
G r a i n D a y s t o
y ie ld f l o w e r - D M S m u t
E n t r y ( k g ha
- 1
) R a n k i n g (%) (%)
1
I C M H 505 2120 1 53 18.3 -
I C M H 82601 2120 2 52 0.9 -
I C H 433 1900 5 55 5.5 -
l C M V 82132 1870 8 55 1.7 4
I C T P 8203 1810 10 51 3.2 -
l C M V 82113 1770 11 54 3.1 -
I C T P 8202 1770 12 51 0.6 -
I C M S 8283 1760 14 54 1.7 <1
C o n t r o l s
M B H 110 2110 3 50 4.5
I C M S 7703 1720 17 53 5.8
W C - C 7 5 1640 22 52 3.3
L o c a l 1570 24 52 1.9 52
2
SE ±53 ±0.3
M e a n 1810 53
1 . M e a n o f f o u r l o c a t i o n s i n I n t e r n a t i o n a l P e a r l M i l l e t
S m u t N u r s e r y ( I P M S N ) , 1984.
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coopera to rs in I n d i a and the I nb red Nu rse ry is
increas ing ly a t t r ac t i ng the a t t en t i on o f c o -
opera to rs .
We c o n t i n u e d to supp ly on request seed o f
pear l m i l l e t l ines and p o p u l a t i o n s to o the r pear l
m i l l e t p rog rams . In 1984, seed of o u r 2500 selec-
t ions were d ispa tched to pear l m i l l e t scient ists in
I n d i a and several count r ies in A f r i c a . These
inc luded m a n y specif ic entr ies requested f r o m
o u r b reed ing and p a t h o l o g y nurser ies w h i c h
were s h o w n d u r i n g the Scient ists ' D a y and a t
o ther t imes d u r i n g the year.
D u r i n g the year, the a n n u a l I C R I S A T Pear l
m i l l e t A f r i c a n Z o n e - A T r i a l ( I M Z A T ) f o r d r i e r
zones was conduc ted across the West A f r i c a n
mi l l e t zone p r i n c i p a l l y to evaluate the el i te p r o -
ducts o f the I C R I S A T Coopera t i ve P r o g r a m i n
West A f r i c a . I M Z A T 84 con ta ined 13 entr ies
c o n t r i b u t e d b y I C R I S A T Coope ra t i ve p r o -
grams in B u r k i n a Faso (2 entr ies) , N ige r (4) ,
N iger ia (4) , and Senegal (3). An i m p r o v e d va r -
O u r object ives are to i m p r o v e g r a i n y ie ld and its
s tab i l i t y , g r a i n size, harvest i ndex , resistance to
diseases a n d pests, p r o d u c t i v e - t i l l e r i n g a b i l i t y ,
and to de te rm ine the best c u l t u r a l pract ices f o r
new ly -b red var iet ies. We con t i nued to generate
new b reed ing ma te r i a l i n c l u d i n g synthet ics and
h y b r i d var iet ies su i tab le f o r d i f fe ren t a g r o c l i m a -
to log i ca l zones of Senegal.
Plant Improvement
Inbreds and synthetics. One h u n d r e d and t w o
F 6 progenies generated f r o m 1977 to 1983, f r o m
crosses between i m p r o v e d Senegalese ma te r i a l
and I n d i a n i n t r o d u c t i o n s , 99 F 5 , a n d 200 F 4
progenies der ived f r o m Senegalese x n o n -
Senegalese crosses d u r i n g 1981 to 1983 were
eva luated th is ra iny season f o r the i r pe r fo r -
mance a t N i o r o and Bambey . These 401 i nb reds /
p a r t i a l inbreds are be ing cata loged f o r the i r use-
Breeding
Senegal
ie ty and a fa rmers ' t r a d i t i o n a l va r ie ty were
inc luded as con t ro l s a t each of the loca t ions . T h e
t r i a l also con ta ined Souna I I I , a released va r ie t y
f r o m Senegal , used as a l o n g - t e r m c o n t r o l . Th i s
t r i a l was sent f o r y ie ld eva lua t i on to 13 loca t ions
in 9 count r ies ( i n c l u d i n g one l o c a t i o n each in
Bo tswana , Z a m b i a , and Z i m b a b w e , s o w n i n
Oc tobe r 1984). T h e t r i a l was also sent f o r eva lua -
t i o n in the Striga nursery ( K a m b o i n s 6 , B u r k i n a
Faso) , and f o r pest and disease inc idence a t I S C .
To date we have received da ta f r o m 7 loca-
t ions in 4 count r ies ( C a m e r o o n , M a l i , N ige r , and
Senegal) ; g ra in -y ie lds f r o m these loca t ions are
g iven in Tab le 22.
In 1984, the ra in fa l l a t a lmos t a l l l oca t ions was
we l l be low n o r m a l . H ighes t mean y ie ld was
recorded a t C inzana , M a l i (1950 kg ha
- 1
) and
lowest a t M a r o u a , C a m e r o o n (528 kg ha
- 1
) . A t
a l l l oca t ions the ' u n i m p r o v e d f a rmers ' l o ca l ' was
the lowes t -y ie ld ing en t ry . Over a l l l oca t i ons ,
entr ies I T M V 8304, I N M V 8220, and I B M V
8301 d i d we l l re la t ive to the mean y ie ld o f the
t r i a l (1227 kg h a
- 1
 over 7 loca t ions) .
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f u l c h a r a c t e r i s t i c s . D u r i n g the o f f - season
1983/84 , selected progenies were u t i l i zed to f o r m
18 synthet ics and 131 testcrosses. F o u r new syn-
thet ics sui table f o r d i f fe rent a g r o c l i m a t o l o g i c a l
regions o f Senegal are be ing generated f r o m 40
selected inbreds d u r i n g the of f -season, 1984/
1985.
Hybr ids. T w e n t y - t w o selected hyb r i ds tested
in 1983 were retested in 1984 a t b o t h N i o r o and
Bambey . The h ighes t -y ie ld ing h y b r i d was
I C M H 8407 S N w h i c h y ie lded 6 1 % (2575 k g
ha
- 1
) mo re t h a n Souna I I I , f o l l o w e d b y 8413,
8403, and 8411 . F ive hyb r i ds , I C M H 8403, 8404,
8412, 8413, and 8414, gave s ign i f i can t l y h igher
g r a i n y ie lds t h a n Souna I I I i n b o t h 1983 and
1984. These seven hyb r ids w i l l be retested in
1985, as w i l l 13 of 109 new ly generated test-
crosses i n v o l v i n g d i f fe rent male-ster i le l ines and
new inbreds. F i f teen seed parents i n c l u d i n g 81 A,
111A, and J 1623 were modera te l y to h igh l y
susceptible t o D M (14.3 t o 80.0%) a t N i o r o .
E f fo r t s w i l l be made to breed new seed parents
w i t h A f r i c a n backg rounds and resistance t o
diseases.
Improvement of synthetics. The f i rs t cycle o f
recur rent select ion i n Souna I I I and I B V 8004
( I C M V 3) was comp le ted in the 1982 of f -season.
Sh ibras were e l im ina ted f r o m Souna I I I , bu t
there was no i m p r o v e m e n t in i ts resistance to
D M . The second cycle o f recur ren t select ion i n
these synthet ics us ing the ha l f -s ib m e t h o d was
comp le ted in the 1983/84 of f -season. The mos t
i m p o r t a n t select ion c r i te r ia were resistance to
D M i n Souna I I I , and g r a i n y ie ld i n I B V 8004. I n
2 years, DM inc idence i n Souna I I I was reduced
f r o m 24 to 14%, bu t g ra i n y ie ld was i m p r o v e d by
on l y 3%. I B V 8004 was i m p r o v e d by 9% f o r g r a i n
y ie ld . We star ted the 3rd cycle o f recur rent selec-
t i o n in these variet ies d u r i n g the 1983/84 o f f -
season by p r o d u c i n g 432 hal f -s ibs f r o m each.
Based on m u l t i l o c a t i o n a l tes t ing, 38 progenies
f r o m each o f the t w o synthet ics were selected f o r
Table 2 1 . Y ie ld performance o f l C R I S A T pearl mil let entries in A l l I nd ia Coord ina ted M i l l e t I m p r o v e m e n t
Project ( A I C M I P ) tr ials, 1983.
I C R I S A T ent r ies
T r i a l
m e a n
T o p - y i e l d i n g
Years G r a i n G r a i n
N o . o f N o . o f in y ie ld y ie ld y ie l d
l oca t i ons entr ies E n t r y test ( k g h a
- 1
) R a n k ( k g ha
- 1
) E n t r y ( k g ha
- 1
)
I n i t i a l Pea r l M i l l e t 19 24 I C H 415 1 1940 6 1760 M B H 138 2090
H y b r i d T r i a l 1 I C H 423 1 2050 3
A d v a n c e d Pear l M i l l e t 32 20 I C H 440 2 2170 6 205 M B H 131 2340
H y b r i d T r i a l 11
I n i t i a l Pea r l M i l l e t 18 26 I C M S 8021 1 1560 3 127 N E L C - H 7 9 1630
P o p u l a t i o n T r i a l I V N E L C - H 7 9 1 1630 1
C o n t r o l W C - C 7 5 1510 5
A d v a n c e d Pear l M i l l e t 30 18 I C M S 7703 6 1750 5 169 I V S - P 7 8 1810
P o p u l a t i o n T r i a l V I V S 5454
I C M S 7704
I C M S 7818
I C M S 7835
N E L C P79
I V S - P 7 8
D l C P7904
4
4
3
3
3
2
2
1750
1800
1740
1790
1740
1810
1660
6
2
7
3
8
1
15
C o n t r o l W C - C 7 5 1770 4
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r e c o m b i n a t i o n . T h e selected ha l f -s ib fami l i es are
be ing r ecomb ined us ing S 1 seed f r o m D M - f r e e
p lan ts . T h e f i n a l compa r i sons be tween the rese-
lected and the o r i g i n a l synthet ics w i l l be made in
1985.
I m p r o v e m e n t f o r g r a i n mass by backc ross ing
i n I B M V 8401 ( I C M V 2), a d w a r f va r i e t y , was
in i t i a ted in 1984 by cross ing i t w i t h t w o h i g h seed
mass l ines f r o m G h a n a , IP 16151 and IP 16152.
T h e F 1 crosses were g r o w n f o r gene ra t i on
advance in the 1984 ra i ny season. F 2 p o p u l a t i o n s
are be ing g r o w n d u r i n g the 1984/85 of f -season
and the d w a r f p lan ts w i l l be backcrossed to
I B M V 8401 .
Trials and Nurseries
Advanced yield t r ia l . D u r i n g 1984, a l l the
entr ies i n the A d v a n c e d Y ie ld T r i a l , except
I B M V 8 4 0 1 , were s ign i f i can t l y super io r i n g r a i n
y ie ld t o Souna I I I , and the loca l c o n t r o l , w h i c h
suffered f r o m a severe d r o u g h t a t f l o w e r i n g and
g r a i n f i l l i n g . D u r i n g 5 years o f tes t ing , I B V 8001
averaged 2 4 % , and I B V 8004 2 1 % h igher y ie lds
t h a n Souna 111; b o t h entr ies had greater resis-
tance to D M , a h igher 1000-grain mass, and
m a t u r e d 7 to 10 days ear l ier t han Souna I I I . In
1984, these t w o var iet ies were g r o w n on m o r e
t h a n 1000 ha by fa rmers , and the n a t i o n a l seed
service m u l t i p l i e d seed. V i l lage w o m e n t o l d us
tha t these var iet ies p roduced m o r e and bet ter -
tas t ing couscous t han the i r loca l m i l l e t . These
t w o var iet ies a l o n g w i t h H7 -66 and I B M V 8401
were r e c o m m e n d e d by I S R A f o r release in Sene-
ga l . H 7 - 6 6 , b red by the n a t i o n a l p r o g r a m ,
y ie lded 18% m o r e t h a n Souna I I I i n 4 years o f
tes t ing . I B M V 8401 had a g r a i n y ie ld equ iva len t
to Souna I I I over 3 years o f test ing. T h e n a t i o n a l
seed service m u l t i p l i e d i t on 13 ha and harvested
13 000 kg of g o o d q u a l i t y seed ( F i g . 13). T h e seed
growers apprec ia ted th is va r ie ty because of its
h i g h t i l l e r i n g , ear l iness, and g o o d f o d d e r q u a l i t y
due to i ts resistance to diseases and l o d g i n g , and
the ease of f a r m opera t ions made possib le by its
shor t s ta ture .
Synthetics t r ia l . E igh teen synthet ics were eva l -
uated d u r i n g the 1984 ra i ny season a t N i o r o and
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Bambey , based on the i r y ie lds in the 1983/84
off-seasons. T h e h ighes t -y ie ld ing synthet ic was
1 B M V 8406, w i t h 10% m o r e g ra i n t h a n Souna
I I I . N i n e synthet ics were re ta ined f o r a d d i t i o n a l
test ing in 1985.
Regional trials. T w o synthet ics , I B M V 8301
and I B M V 8302, were c o n t r i b u t e d t o I M Z A T ,
and 5 new synthet ics and 25 inbreds were c o n -
t r i b u t e d t o the I C R I S A T exchange nursery .
Based on results o f this t r i a l f r o m N i o r o and
Bambey , m a t e r i a l b red in N ige r ia and N ige r is
seemingly adap ted to Senegalese c o n d i t i o n s .
T h e h ighes t -y ie ld ing entr ies were I N M V 8210
(1796 k g ha
- 1
) , I N M V 8220, and I N M V 8240.
N ine entr ies p roduced s im i l a r g r a i n y ie lds to
I N M V 8210. Souna I I I , and the loca l f a rmers '
va r ie ty were the l owes t - y ie ld ing entr ies in the
t r i a l .
A m o n g var iet ies in the exchange nurse ry , the
h ighes t -y ie ld ing were I B M V 8406 ( t op -y i e l de r in
the synthet ics t r i a l ) , f o l l o w e d b y I T M V 8303,
I B M V 8405, and I B M V 8402. T h e t o p e igh t
inbreds were f r o m Senegal ; f o u r were selected
because o f the i r h i g h g r a i n y ie ld a n d disease
resistance. One o f the inb reds , I C M I 84015 S N ,
gave g r a i n y ie ld equ iva len t t o Souna I I I .
Development of Cultural Practices
A t r i a l cons is t ing o f f o u r var ie t ies, Souna I I I ,
H 7 - 6 6 , I B V 8004, and I B V 8 4 0 1 , a t t w o spacings
(90*90 cm and 90 x 45 cm) w i t h t w o p lan ts h i l l
- 1
,
and three t rea tments (no fe r t i l i ze r , N 3 1 : P21 : 
K 2 1 , and N 6 1 : P31 : K 3 1 ) was p lan ted a t B a m -
bey d u r i n g the 1984 ra i ny season. D u e to
d r o u g h t , the increased p lan t p o p u l a t i o n ( 9 0 * 4 5
c m ) reduced g r a i n y ie ld by 25%. We c o u l d f i n d
Figure 13. I C R I S A T pearl mil let scientist discussing seed mul t ip l icat ion wi th I S R A mil let breeder. N a t i o n a l Seed
Service staff, and local seed producers, Senegal , 1984.
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no s ign i f i can t effect o f increas ing fe r t i l i ze r on
g r a i n y i e l d . T h e h ighes t -y ie ld ing en t ry was I B V
8004 f o l l o w e d b y H 7 - 6 6 , l B M V 8 4 0 1 , and S o u n a
I I I . F r o m 3 years ' resul ts, we can conc lude tha t
increased p lan t p o p u l a t i o n does n o t s ign i f i can t l y
increase g r a i n y ie ld o r economic re tu rns . The re -
f o r e , a 90x90 cm spacing is r ecommended f o r
b o t h t a l l and d w a r f var iet ies i n Senegal .
B u r k i n a Faso
L i k e m a n y A f r i c a n coun t r ies , B u r k i n a Faso
exper ienced d r o u g h t in 1984, the sever i ty o f
w h i c h var ied between and w i t h i n regions. R a i n -
f a l l d u r i n g the 1984 c rop season was less t h a n
5 0 % o f the l o n g - t e r m average a t K a m b o i n s e a n d
O u a h i g o u y a , t he t w o m a j o r m i l l e t t r i a l
l oca t ions .
T h e m a i n ob ject ive o f the p r o g r a m is to breed
t w o g roups o f var iet ies f o r the 500- t o 9 0 0 - m m
ra in fa l l zone. The g r o w t h character is t ics o f these
t w o g roups are:
1. Pho toper iod -sens i t i ve fu l l -season (120-150
days to m a t u r i t y ) var iet ies tha t fa rmers can
sow w i t h the late M a y / e a r l y June r a i n ,
2. Pho toper iod low-sensit ive/ insensit ive, early-
ma tu r i ng (80-110 days) var iet ies f o r late ( Ju l y )
o r very ear ly ( M a y ) sow ing .
Plant Improvement
T h e m a j o r t h rus t o f o u r research act iv i t ies i s on
breed ing fu l l -season (120-150 days) , p h o t o -
per iod-sensi t ive var iet ies. Research exper ience
and observat ions o f f a rmers ' pract ices a n d c r o p
pe r fo rmance have c lear ly ind ica ted tha t the p h o -
t o p e r i o d sensi t iv i ty o f loca l cu l t i va rs a l l ows f l ex -
i b i l i t y i n t ime o f sow ing . Since f l o w e r i n g a lways
occurs t owa rds the end o f the ra i ny season, such
genotypes are m o r e l i ke ly to escape po l l en wash ,
and insects t ha t eat f l o r a l par ts and feed on
i m m a t u r e g r a i n . H o w e v e r , p h o t o p e r i o d -
sensit ive var iet ies have the d isadvantage of be ing
restr ic ted to ra ther n a r r o w n o r t h / s o u t h zones o f
a d a p t a t i o n .
T h e breed ing o f pho toper iod -sens i t i ve , la te-
m a t u r i n g var iet ies is hampered by several fac tors
i n c l u d i n g d r o u g h t , w h i c h genera l ly delays f l o w -
e r i ng , a n d the apparen t super io r v i g o r o f ear ly
genotypes over pho toper iod -sens i t i ve , late ones
in the seedl ing stage. H o w e v e r , in some crosses i t
seems tha t the ha i ry - lea f charac ter , w h i c h can be
detected in seedl ings, segregates w i t h p h o t o p e -
r i o d sens i t iv i ty , and as such i t m i g h t be a usefu l
t o o l f o r i d e n t i f y i n g pho toper iod -sens i t i ve p lan ts
at the seedl ing stage in a segregat ing p o p u l a t i o n .
We in i t i a ted a test to c o n f i r m these observa t ions
in an F 2 p o p u l a t i o n f r o m a p r o m i s i n g cross o f
Kape lga (pho toper iod -sens i t i ve , late) x GT 79
(less pho toper iod -sens i t i ve , ear ly ) . P rogeny
f r o m th is cross (and some related ma te r ia l ) were
densely sown in an of f -season nursery , seedlings
were then screened f o r the ha i ry - lea f charac ter ,
t r ansp lan ted , and the resu l t ing p lants sel fed. A 
p rogeny test f o r f l o w e r i n g behav io r and a g r o -
n o m i c pe r fo rmance was p lanned f o r the 1984
ra iny season, bu t i t cou ld no t be pursued because
o f ear ly-season d r o u g h t ( i r r i g a t i o n was no t pos-
sible). Ea r l y sow ing (by m id - June ) is necessary
f o r th is eva lua t i on o f pho tosens i t i v i t y so tha t
there i s an adequate spread o f f l o w e r i n g to ena-
ble select ion f o r m a t u r i t y and p h o t o p e r i o d sensi-
t i v i t y d i f ferences.
In an e f fo r t to breed e a r l y - m a t u r i n g , br is t led
v a r i e t i e s , seed was selected f r o m o p e n -
p o l l i n a t e d , br is t led heads w h i c h sporad ica l l y
occur i n var ie ty I K M V 8101 and the loca l c u l -
t i va r , C V P 210. T h e I K M V 8101-der ived l ines
showed monogen i c segregat ion f o r the d o m i -
nan t br is t le character , whereas C V P 210-der ived
lines d i d no t show a clear cut segregat ion pa t t -
e rn . In genera l , seed set was p o o r on sel fed,
br is t led heads c o m p a r e d to sel fed, non -b r i s t l ed
heads. H o w e v e r , some b r i s t l ed , h o m o z y g o u s
lines were der ived f r o m I K M V 8101 w h i c h had
re la t ive ly bet ter seed set. These are n o w be ing
recomb ined .
Trials and Nurseries
Early-matur ing varieties for late sowing. We
con t i nued m u l t i l o c a t i o n a l t r ia ls t o i den t i f y
e a r l y - m a t u r i n g var iet ies f o r la te -sowing c o n d i -
t i ons . The super io r pe r fo rmance o f the var iet ies
I K M V 8101 and I K M V 8201 repo r ted ear l ier
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Table 23 . Per formance of selected ear ly -matur ing
exper imental pearl mil let varieties in Burk ina Faso,
rainy season 1984.
Aourema Ouahigouya
Grain Grain
yield Days to 50% yield Days to 50%
(kg ha
-1
) flowering (kg ha
-1
) flowering
I K M V 8201 450 69 370 65
I K M V 8101 400 68 290 74
I K M V 8301 400 75 360 72
l K M C 1 320 81 300 76
L o c a l c o n t r o l 200 81 180 82
SE ±50 ±50
C V (%) 4 0 50
( I C R I S A T A n n u a l R e p o r t 1983, p . 106) was
repeated d u r i n g the 1984 season at A o u r e m a and
O u a h i g o u y a (Tab le 23). We cou ld no t ana lyze
gra in -y ie ld data f r o m K a m b o i n s e because o f
severe d r o u g h t . H o w e v e r , e a r l y - m a t u r i n g va r ie -
ties d i d p roduce some g r a i n , b u t a l a t e - f l owe r i ng
loca l c o n t r o l d i d no t .
Full-season varieties. In 1984 we conduc ted
t w o m u l t i l o c a t i o n a l t r ia ls t o f u r t h e r evaluate the
pe r fo rmance and a d a p t a t i o n o f fu l l -season va r -
ieties in the 650- to 8 5 0 - m m ra in fa l l zone. T h e
distance between the t w o far thest ( n o r t h - s o u t h )
loca t ions was a b o u t 175 k m . One m u l t i l o c a -
t i o n a l t r i a l , l M M L T 2 , g r o w n a t Sar ia , K a m -
bo inse, and Gampe l l a (average a n n u a l r a i n f a l l
a p p r o x . 800 m m ) , and a t O u a h i g o u y a (650 m m
ra in fa l l ) had mos t l y entr ies o f 130- to 150-day
m a t u r i t y . The o ther t r i a l , l M M L T 3 , w i t h entr ies
of 120- to 130-day m a t u r i t y , was conduc ted at
O u a h i g o u y a and A o u r e m a , s i tuated a b o u t 20
km apar t . M a t e r i a l o f th is m a t u r i t y i s n o t
adapted fo r n o r m a l sow ing i n the 8 0 0 - m m r a i n -
fa l l zone.
T h e I M M L T 2 t r i a l suf fered ex t reme d r o u g h t
a t K a m b o i n s e and O u a h i g o u y a b u t was less
affected a t Sar ia and Gampe l l a . A t these t w o
locat ions the select ions f o r l o w suscept ib i l i t y to
D M , C V P 480 and C V P 417, cons is ten t ly o u t -
y ie lded the c o n t r o l cu l t i va r , Kape lga . Ave rage
g ra in y ie lds over these t w o loca t ions were 875 kg
ha
-1
 f o r C V P 480, 800 k g h a
- 1
 f o r C V P 417, and
600 kg h a
- 1
 f o r Kape lga . C o m p a r e d t o Kape lga ,
the cu l t i va r c o m m o n l y g r o w n i n the cen t ra l
S u d a n i a n Z o n e , C V P 480 and C V P 417 have
re la t ive ly l o n g (39 vs 27 c m ) a n d t h i c k heads.
The I M M L T 3 t r i a l results a t O u a h i g o u y a a n d
A o u r e m a c o n f i r m e d the super io r p e r f o r m a n c e
o f the 8 2 / 8 3 R e c o m b i n e d P o p u l a t i o n E a r l y
( R P E ) seen in 1983. Ove ra l l average g r a i n y ie lds
at those loca t ions f o r 82 / 83 R PE was 265 kg ha
- 1
and 145 kg h a
- 1
 f o r the loca l c o n t r o l cu l t i va r . In
a d d i t i o n , one cu l t i va r , C V P 170, w i t h l o w sus-
cep t i b i l i t y to d o w n y m i l d e w , exceeded the y ie ld
of the loca l c o n t r o l by 3 0 0 % (430 vs 145 kg ha
- 1
) .
Striga Resistance
The pro jec t on i m p r o v e m e n t o f pear l m i l l e t f o r
resistance to Striga hermonthica in B u r k i n a
Faso star ted in 1979 w i t h f i nanc ia l assistance
f r o m the I n t e r n a t i o n a l D e v e l o p m e n t Research
Cent re ( l D R C ) . Since 1982, we have been d o i n g
p o t exper imen ts to test i n d i v i d u a l m i l l e t p lan ts
t o c o m p l e m e n t o u r p rogeny tes t ing i n heav i l y -
infested f ie lds in B u r k i n a Faso and N iger . T h e
1984 results o f b o t h f ie ld and po t screening were
very encou rag ing . Some progenies selected f r o m
a less-susceptible base p o p u l a t i o n exh ib i t ed h i g h
levels of resistance.
Field screening. Several F7 and S2 progenies
gave very p r o m i s i n g results in the I n t e r n a t i o n a l
Pear l M i l l e t Obse rva t i on Nu rse ry ( I P M O N )
conduc ted in 1984 in A o u r e m a v i l lage. F o u r
ent r ies , P 2627-2-11-2, P 449-1-29-4, I n b r e d
5258-1-19-1 , and P 2627-2-18 had o n l y 10% of
the Striga p lan ts appea r i ng in ad jacent suscept i -
ble p lo ts o f E x - B o r n u in a checke rboa rd des ign.
A m o n g 18 F 7 progenies tested, one , 8 2 W 6 3 4
(cross between a B u r k i n a Faso va r ie t y and P 
508), was o u t s t a n d i n g w i t h o n l y 3% as m a n y
emerged Striga p lants as appeared in ad jacent
p lo ts o f E x - B o r n u . A l t h o u g h y ie lds o f m a n y
resistance sources are p o o r , 8 2 W 6 3 4 y ie lded
m o r e t han E x - B o r n u (640 vs 580 kg ha
- 1
) . O u t o f
23 S 2 p rogenies, t w o showed reduced suscept ib i l -
i t y and y ie lded m o r e t h a n E x - B o r n u . W e w i l l
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recomb ine 2 0 % o f the less-susceptible l ines to
star t the second cycle of S2 tes t ing.
Screening in pots. Screen ing o f i n d i v i d u a l
m i l l e t p lan ts in pots in fested w i t h Striga enables
us to i den t i f y m i l l e t progenies w i t h h i gh levels o f
resistance. H igh ly - res is tan t select ions suppo r ted
fewer emerged Striga p lan ts and su rv i ved , c o m -
pared to suscept ib le ones w h i c h were heav i l y
a t tacked and k i l l ed (Tab le 24). T h e select ions
f r o m inb red 5258, P 449, P 2627, and Serere 2 A -
9 are the mos t p r o m i s i n g . Some of the select ions
f r o m inb red 5258, P 449, and P 2627 also per -
f o r m e d we l l in f ie ld tests.
Niger
The 1984 pear l m i l l e t c r o p p i n g season was beset
by d r o u g h t i n a l l the loca t ions we ope ra ted , w i t h
to ta l r a i n f a l l o n l y 30 -50% o f t ha t expec ted .
Howeve r , these c o n d i t i o n s p r o v i d e d an o p p o r -
Table 24. Resistance to Striga hermonthica in
selected progenies of pearl mil let g rown in Striga-
infested pots, Kamboinse , Burk ina Faso, summer
1984.
M e a n Striga S u r v i v a l
P r o g e n y p lan ts p o t
- 1
(%)
2
I n b r e d 5258-1-19-4-5 0 (0.04)
1
100
P449-1-29-8-7 2 (0.41) 100
I n b r e d 5258-1-19-4-2 2 (0.49) 100
P449-1-29-8-5 2 (0.47) 100
I n b r e d 5258-1-19-4-9 4 (0.66) 100
P2627-1-19-7-6 4 (0.66) 100
Serere 2A -9 -27 -9 -5 4 (0.67) 100
Serere 2 A - 9 - 2 7 - 9 - 8 5 (0.73) 100
P2627-2-29-2-5 (suscept ib le) 25 (1.38) 0
P2627-1-29-1 -4 (suscept ib le) 31 (1 .50) 0
S E ± ( 0 . 1 1 1 )
1 . F i g u r e s in pa ren theses a re t he m e a n n u m b e r o f Striga 
p l a n t s t r a n s f o r m e d u s i n g l o g ( x + 1 . 1 ) .
2 . N u m b e r o f m i l l e t p l a n t s s u r v i v i n g t o m a t u r i t y a s per -
cen tage o f t o t a l p l a n t s c o u n t e d a t 4 0 d a y s a f t e r s o w i n g .
F o u r pearl mil let progenies wi th resistance to Striga hermonthica growing in infected soil compared to a 
susceptible control (center ) , Kamboinse , Burk ina Faso, summer 1984.
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t u n i t y to test the pe r fo rmance o f o u r var iet ies
unde r l o w r a i n f a l l cond i t i ons .
Trials and Nurseries
Three I C R I S A T var iet ies, I T M V 8001 , I T M V
8002, and I T M V 8304, b red i n c o o p e r a t i o n w i t h
I N R A N research s ta t ion a t M a r a d i , have been
recommended f o r release to fa rmers in N iger in
1985, based on the i r pe r fo rmance in m u l t i l o c a -
t i o n a l t r ia ls . I T M V 8001 and I T M V 8003 have
been recommended f o r f a rmers ' f ie ld t r ia ls o r
demons t ra t i ons i n m i l l e t - g r o w i n g count r ies o f
the Sahel in 1985, because of the i r pe r f o rmance
in 3 years of m u l t i l o c a t i o n a l t r ia ls c o o r d i n a t e d
by the I ns t i t u t du Sahel .
I n the 1984 I M Z A T , the I C R I S A T / N i g e r
bred var ie ty I T M V 8304 was the highest y ie lder
(1278 kg ha
- 1
) o f a l l entr ies f o r the t w o N ige r
loca t i ons , M a r a d i and Sadore , a n d i t was s i gn i f i -
can t l y (33%) h igher t h a n the c o n t r o l , C I V T , a 
var ie ty released ear l ier by I N R A N f o r genera l
c u l t i v a t i o n in N iger (Tab le 25).
Plant Improvement
I n o rde r t o m a i n t a i n desirable v a r i a b i l i t y wh i l e
a v o i d i n g i nb reed ing , we have f o r m e d f o u r gene
Table 25. Performance of entries in I M Z A T , Niger, 1984. M e a n s of M a r a d i and Sadore ( I S C ) locations, average
rainfal l for the two locations 249 m m .
D a y s to P lan t Ea rhead G r a i n
5 0 % height l eng th y ie ld % o f
E n t r y Source f l o w e r i n g ( c m ) ( c m ) ( k g h a - ' ) C I V T
I T M V 8304 I C R I S A T / I N R A N
1
68 200 36 1280 133
I T M V 8303 I C R I S A T / I N R A N 65 220 56 1210 126
I T M V 8301 I C R I S A T / I N R A N 67 220 55 1120 116
I N M V 8220 I C R I S A T / A B U
2 64 190 35 1100 114
I N M V 8240 I C R I S A T / A B U 66 210 40 1080 112
I T M V 8305 I C R I S A T / I N R A N 66 200 39 1020 106
I K M V 8201 I C R I S A T / I B R A Z
3
66 190 29 1020 106
I B M V 8301 I C R I S A T / I S R A 69 180 40 1000 104
I N M V 8210 I C R I S A T / A B U 66 200 36 980 104
I K M V 8101 I C R I S A T / I B R A Z 67 220 40 990 103
I B M V 8401 I C R I S A T / I S R A
4 70 170 55 920 95
I N M V 8212 I C R I S A T / A B U 67 210 39 880 89
I B M V 8302 I C R I S A T / I S R A 72 200 57 770 80
C o n t r o l s
C I V T I N R A N 69 230 58 960 100
S o u n a I I I I S R A 74 200 57 730 76
L o c a l - Z a n f a r w a ( M a r a d i ) 71 210 60 550 57
L o c a l - Z o n g o (Sado re ) 85 250 70 630 65
S E ±1.1 ±7.7 ±2.7 ±106
M e a n 69 205 46 980
C V (%) 4 8 14 27
1 . I N R A N = I n s t i t u t N a t i o n a l d e l a R e c h e r c h e A g r o n o m i q u e d u N i g e r .
2 . A B U = A h m a d u B e l l o U n i v e r s i t y .
3 . I B R A Z = I ns t i t u t B u r k i n a b e de la Recherche A g r o n o m i q u e e t Z o o t e c h n i q u e .
4 . I S R A - I n s t i t u t Senega la is de Reche rches A g r i c o l e s .
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poo ls : A f r i c a n gero ( I N M G 1 ) , I n d i a n d 1 ( I N M G
2), d 2 der iva t i ves , ( I N M G 3), a n d br is t led head
( I N M G 4) . Th i s p ro jec t was i n i t i a ted by the
I C R I S A T / N i g e r Coope ra t i ve P r o g r a m i n 1979;
a 5 th gene p o o l , I N M G 5 ( th i ck -headed) was
star ted in 1981. Th i s p ro jec t was successful ly
comp le ted in 1984. T h e gene poo ls were f o r m e d
by g r o u p i n g toge ther genotypes possessing s i m -
i l a r head leng th and m a t u r i t y , o r i g i n a t i n g f r o m
s im i la r ag roc l ima t i c zones i n A f r i c a n coun t r ies
and I n d i a , and a l l o w i n g r a n d o m m a t i n g . Seed o f
these gene poo ls and var iet ies der i ved f r o m t h e m
has been made ava i lab le to pear l m i l l e t breeders
i n A f r i c a f o r eva lua t i on and f o r t h e m t o use t o
der ive var iet ies f o r the i r respect ive areas. V a r i e -
ties de r i ved f r o m these gene poo ls by g r i dded
mass select ion in the advanced r a n d o m m a t i n g
cycles, have s h o w n good pe r fo rmance in va r ious
na t i ona l and reg iona l t r ia ls . The pe r f o rmance o f
var iet ies I T M V 8001 and I T M V 8002 der ived
f r o m I N M G 1 , I T M V 8003 f r o m I N M G 2 ,
I T M V 8303 a n d I T M V 8004 f r o m I N M G 3 , and
I T M V 8304 f r o m I N M G 5 i s be ing f u r t h e r
i m p r o v e d by recur ren t select ion w i t h S 1 tes t ing
a t M a r a d i a n d the I S C , Sadore . T h e mos t p r o m -
is ing S2s are be ing recomb ined to recons t i tu te
the respect ive var iet ies.
I n o rde r t o c o m b i n e desi rable characters o f
p o p u l a r pear l m i l l e t landraces f r o m N iger , geno -
types f r o m o the r A f r i c a n count r ies and I n d i a ,
and o ther exo t i c accessions, a large n u m b e r of
crosses and backcrosses have been made . M a n y
desirable segregants have resu l ted, a n d over 600
l ines at the F3 to F8 generat ions have been
selected. These l ines are be ing used in testcrosses
w i t h the male-ster i le l i ne , 8 1 A , t o exam ine the i r
po ten t i a l as p o l l i n a t o r s . F r o m 59 selected
inbreds ( F 7 ) , 11 synthet ics were deve loped d u r -
i n g the 1984 s u m m e r season, a n d they were
tested in y ie ld t r ia ls a t M a r a d i a n d Sadore in the
1984 r a i n y season. Several of these synthet ics
ou ty ie lded C I V T . T h e i nb red l ines i n v o l v e d i n
m a k i n g these synthet ics were also test crossed on
81 A , and eva luated a t M a r a d i a n d Sadore .
These l ines w i l l be retested in 1985.
D u r i n g 1984, an a t t emp t was made to s tand -
ard ize the b iochemica l p rocedure f o r i so la t i ng
m i t o c h o n d r i a l D N A ( m t D N A ) f r o m pear l
m i l l e t , i n c o l l a b o r a t i o n w i t h the B i o c h e m i s t r y
D e p a r t m e n t o f Kansas State Un i ve rs i t y , U S A .
Th is was to deve lop a m e t h o d f o r easy i den t i f i ca -
t i o n and c lass i f i ca t ion o f d i f fe ren t types o f c y t o -
p lasmic ma le s te r i l i t y i n pear l m i l l e t , s im i l a r t o
tha t used f o r maize and s o r g h u m . A l t h o u g h the
s tudy is s t i l l i n comp le te , p r e l i m i n a r y results on
quan t i t a t i ve es t ima t i on and e lec t rophore t i c
analysis o f the m t D N A f r o m three pa i rs o f A / B
l ines are encou rag ing .
N i g e r i a
D u r i n g 1984, the I C R I S A T / N i g e r i a P r o g r a m
concen t ra ted on the eva lua t i on o f mater ia ls
deve loped in p rev ious years. Var ie t ies were
entered in the n a t i o n a l y ie ld test ing p r o g r a m ,
and i n j o i n t t r ia ls w i t h the n a t i o n a l m i l l e t b reed -
i n g p r o g r a m , t o evaluate p r o m i s i n g new mate -
r ials f r o m b o t h p r o g r a m s . A l l p r o m i s i n g
var iet ies and b reed ing l ines were eva luated f o r
the i r reac t ion t o D M , e rgo t , and smu t i n disease
nurseries a t the Ins t i tu te f o r A g r i c u l t u r a l
Research ( I A R ) a t S a m a r u .
Yield Trials
Nat ional state trials, mult i locational testing.
Three new varieties f r o m the I C R I S A T / N i g e r i a
p r o g r a m ( I C N M V 8010, I C N M V 8012, and
I C N M V 8032 together w i t h 11 o ther entr ies were
tested at 12 loca t ions by state min is t r ies a n d
other n a t i o n a l ag r i cu l t u ra l i ns t i t u t i ons . A t 5 o f
the 12 sites, the t r ia ls were cons idered to have
been sat is fac tor i ly conduc ted . A t these f ive loca-
t ions , the three selections p e r f o r m e d we l l (Tab le
26). In t r ia ls over the past 3-4 years,
I C N M V 8010 and I C N M V 8012 have y ie lded the
same or h igher t h a n the i m p r o v e d loca l c o n t r o l
var iet ies. The N a t i o n a l Ins t i tu te is interested in
us ing these variet ies aga in in m u l t i l o c a t i o n a l test-
i n g i n 1985.
I C R I S A T / I A R joint national trials. W e c o n -
duc ted three m i l l e t g r a i n y ie ld t r ia ls ( A M Y T 1 -
84, A M Y T 2-84, a n d A M Y T 3-84) w i t h the I A R
a n d the L a k e C h a d Research Ins t i t u te . T h e
m a j o r object ives were to o b t a i n a m o r e re l iab le
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eva lua t i on o f the newly -deve loped cu l t i va rs
f r o m b o t h the I C R I S A T and I A R p rog rams a t
six representat ive sites in the m i l l e t - g r o w i n g
areas o f N ige r ia , and to fac i l i ta te m o r e rap id
t ransfer o f the I C R I S A T i m p r o v e d selections t o
the na t i ona l system.
T h e m a j o r p r o b l e m c o m m o n t o a l l the e x p e r i -
men ta l sites was b i r d damage, and the ear l ie r -
m a t u r i n g entr ies were mos t bad ly a f fec ted.
Usefu l results were ob ta ined f r o m o n l y three o f
the six l oca t ions , K a n o , Nga la , and S a m a r u .
A M Y T 1-84. T h r e e I C R I S A T va r i e t i e s
( I C N M V 119, I C N M V 46 , and I C N M V 7 0
yie lded as we l l as the con t ro l s and best i m p r o v e d
n a t i o n a l p r o g r a m entr ies a t the S a m a r u and
K a n o loca t ions . F ive o ther I C R I S A T select ions
( I C N M V 10, I C N M V 37, I C N M V 12, I C N M V
40, and I C N M V 4 y ie lded as we l l as the n a t i o n a l
p r o g r a m entr ies a t K a n o . The re were no var ie ta l
y ie ld di f ferences at Nga la .
A M Y T 2-84. There were n o d i f ferences i n
g ra in y ie ld a m o n g var iet ies a t any o f the three
loca t ions .
A M Y T 3 - 8 4 O n e I C R I S A T s e l e c t i o n
( I C N M V 68) and t w o new I A R select ions ( S E
361 and SE 2106) s ign i f i can t l y ou ty ie lded the
N ige r i an C o m p o s i t e a t S a m a r u . I n a d d i t i o n ,
eight o ther I C R I S A T select ions, I C N M V 72,
I C N M V 39, I C N M V 43, I C N M V 141 , I C N M V
55, I C N M V 9 , I C N M V 36, and I C N M V 3 2
yie lded as m u c h as the N i g e r i a n C o m p o s i t e .
There were no s ign i f i can t d i f ferences in y ie lds
between var iet ies a t K a n o and N g a l a .
Disease Resistance Screening
We w o r k on disease screening i n c o l l a b o r a t i o n
w i t h the I A R m i l l e t pa tho log i s t . W e conduc ted
screening nurser ies under s ick -p lo t cond i t i ons a t
S a m a r u , t o t h o r o u g h l y screen m a n y p r o m i s i n g
mi l l e t progenies and l ines deve loped by the
I C R I S A T p r o g r a m f o r D M , e rgo t , and smu t
diseases.
Advanced lines screening nursery. Of 50 va r ie -
ties screened, 24 entr ies showed very l o w i n c i -
dence f o r the three m a j o r diseases, and 35 were
rated l o w f o r D M inc idence.
Selection nursery. O u t o f 270 progenies eva lu -
a ted , 124 showed l o w levels o f a l l three diseases.
These progenies i nc l uded : 52 base-parenta l
select ions, 33 entr ies f r o m the p rev ious F1
crosses nursery , 29 entr ies f r o m po l l en paren t
select ions, and 10 I M P S l ines.
I t was encou rag ing to note tha t am ids t h i g h
D M , smu t , and ergot pressures deve loped us ing
in fec to r rows and a r t i f i c i a l i n o c u l a t i o n , m a n y
lines showed resistance to these diseases.
Table 26 . T o p - r a n k i n g pearl mil let varieties at f ive locat ions, N a t i o n a l State Tr ia ls , N iger ia
1
, ra iny season 1984.
V a r i e t y
r a n k i n g
T r i a l l o c a t i o n
S a m a r u K a n o M a n i D a m b a m D a m a t u r u
1
2
3
4
5
T r i a l y ie ld
range ( k g ha
- 1
)
S E 131
2
I C N M V 18010
G D C
S E 45
L o c a l
2410-1580
I C N M V 8010
3
I C N M V 8012
N i g C o m p
S E 2105
S E 2106
5260-4730
I C N M V 8010
I C N M V 8032
S E 5 
S E 2106
G D C
4100-3010
S E 2105
I C N M V 8032
S E 360
S E 2105
L o c a l
2320-1640
S E 13
S E 361
I C N M V 8012
S E 2106
1 N N M V 8032
4270-3350
1 . F r o m N a t i o n a l C r o p p i n g S c h e m e R e p o r t 1984.
2 . S E n u m b e r s a re va r ie t i es d e v e l o p e d b y the I n s t i t u t e f o r A g r i c u l t u r a l R e s e a r c h .
3 . I C N M V n u m b e r s are va r ie t ies d e v e l o p e d b y the l C R l S A T / N i g e r i a P r o g r a m .
122 Pearl Millet 
Object ives o f the p r o g r a m are t o i d e n t i f y and
deve lop new genotypes w i t h h i g h y ie ld p o t e n t i a l
a n d s tab i l i t y , resistance to d r o u g h t , diseases,
insects, and b i r ds , t ha t can p e r f o r m bet ter t h a n
the ex i s t i ng var iet ies g r o w n by the fa rmers . We
are m a k i n g select ions f o r ear ly m a t u r i t y , head
compactness , a n d br ist ledness in b reed ing new
genotypes.
T r i a l s were g r o w n a t f i ve l o c a t i o n s - K a b a ( E l
Obe id ) , Wes te rn S u d a n A g r i c u l t u r a l Research
Pro jec t ( W S A R P ) F a r m ( E l O b e i d ) , K a d u g l i ,
U m m R a k u b a , and Nye r te te , represent ing
diverse g r o w i n g c o n d i t i o n s . R a i n f a l l was f a r
b e l o w n o r m a l a t each l o c a t i o n . T h e d r o u g h t p r o -
v ided a d i f f i c u l t su rv i va l test f o r a l l o u r expe r i -
m e n t a l m a t e r i a l , the effect be ing p a r t i c u l a r l y
severe a t o u r m a i n b reed ing site, E l O b e i d (1984
r a i n f a l l 142 m m ) .
Plant Improvement
Inbreds and synthetics. We made 189 new va r -
iety crosses by c o m b i n i n g loca l and exo t i c acces-
sions represent ing disease-resistant, d r o u g h t -
res is tant , and l a t e - m a t u r i n g g roups . T w e n t y - t w o
were exo t i c x exo t i c , 36 loca l x l o c a l , a n d 131
loca l x exo t i c . Crosses have been p lan ted in the
of f -season nursery to advance one gene ra t i on ,
and the i r F2s w i l l be s tud ied in 1985. We eva lu -
ated 127 F2 p o p u l a t i o n s , a n d selected a b o u t 13
single p lan ts f r o m 55 crosses. M a n s o r i , a l oca l
va r ie ty f r o m eastern S u d a n , a n d B a y u u d a , a 
loca l va r ie ty f r o m sou the rn D a r f u r , appear t o be
g o o d comb ine rs , based on p rogeny selected f r o m
crosses on w h i c h they were parents . We s tud ied
903 segregat ing progenies ( F 3 , F 4 , F 5 , and F 6 ) ,
a n d f ive o f t h e m were f o u n d u n i f o r m , h i g h -
y i e l d i ng , a n d a g r o n o m i c a l l y des i rab le . These
have been selected f o r use in n a t i o n a l t r ia ls and
in o u r exchange nursery . Seventy- f ive o f these
progenies c o n t r i b u t e d to the select ion o f 131
i n d i v i d u a l p lants f o r f u t u r e select ion t o deve lop
inb reds a n d synthet ics.
Hybr ids . W e eva luated f i ve I C R I S A T l ines,
f ive male-ster i le select ions f r o m E x - B o r n u ma d e
in 1983, a n d three male-s ter i le l ines f r o m
U S A I D T i t l e X I I C o l l a b o r a t i v e Research S u p -
p o r t P r o g r a m o n S o r g h u m and Pear l M i l l e t
( I N T S O R M I L ) . M a l e ster i le E x - B o r n u was
f o u n d to be bet ter adap ted to l oca l c o n d i t i o n s .
We made 63 h y b r i d s , u t i l i z i ng E x - B o r n u a n d J 
1623 as seed parents . These w i l l be eva luated in
1985 to i den t i f y e l i te restorers a n d ma in ta i ne rs .
Populat ions. O u r e a r l y - m a t u r i n g b r i s t led p o p -
u l a t i o n w i t h a mean g r a i n y ie ld o f 186 kg h a
- 1
p e r f o r m e d bet ter t h a n any ma te r i a l g r o w n on the
W S A R P f a r m th is year. We selected 298 p lants
t o i m p r o v e this p o p u l a t i o n f o r u n i f o r m i t y i n
g r a i n and g l ume co lou r . S,s w i l l be p r o d u c e d in
the of f -season nursery . T h e mean g r a i n y ie ld o f
the selected p lan ts was 135% h igher t h a n the
mean o f the p o p u l a t i o n .
F i f t y - o n e p lants were selected f r o m a B u l k
P o p u l a t i o n f o r the 3rd cycle o f se lect ion. T h e
selected p lan ts were super io r f o r g r a i n y ie ld to
the M C 2 bu l k by a m a r g i n o f 270%. T w o loca l
var iet ies f r o m sou the rn D a r f u r , W a d E l L a h a w ,
and K o r i , a f te r t w o cycles o f select ion are 7-10
days ear l ie r t h a n the o r i g i n a l p o p u l a t i o n a n d are
n o w free o f sh ibras. K o r i C 2 b u l k was f o u n d
s ign i f i can t l y bet ter t h a n the K o r i C 0 bu l k f o r
head n u m b e r , g r a i n y i e l d , and t o t a l d r y ma t te r .
K o r i C 2 b u l k y ie lded 19% m o r e t h a n the o r i g i n a l
p o p u l a t i o n .
We p lan ted 875 accessions o f loca l landraces
and eva luated the p rogeny , r e c o r d i n g a g r o n o m i c
da ta on 361 entr ies t ha t surv ived to m a t u r i t y .
Trials and Nurseries
W e g rew t w o Pear l M i l l e t N a t i o n a l T r ia l s
( P M N T 8 A and 8B) i n 1984. I n P M N T 8 A , seven
entr ies , I S M I 8 4 0 1 , I S M 1 8402, I S M I 8407,
I S M I 8409, I S M I 8410, B u l k P o p u l a t i o n M C ,
B u l k , and Br is t led P o p u l a t i o n M C , B u l k , were
f o u n d p r o m i s i n g and have been selected f o r re-
eva lua t i on . I n P M N T 8 B a t Ner te te , I C T P 8202
gave 3 0 % m o r e g r a i n y ie ld t h a n the m e a n o f
B a y u u d a , the loca l c o n t r o l . O t h e r entr ies f r o m
P M N T 8 B selected f o r re -eva lua t ion i n 1985
were M C - P 8 0 0 3 , I C M V 8 2 1 1 1 , I V C - P 8 0 0 4 , a n d
I C M S 7817. Br is t led P o p u l a t i o n a n d I C T P 8202
S u d a n
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A farmer in N o r t h K o r d o f a n , S u d a n , showing heads of an I C R I S A T - b r e d high-yielding pearl mil let var iety ,
Ugand i .
have been selected f o r o n - f a r m expe r imen ts in
1985. F i f teen o n - f a r m t r ia ls us ing U g a n d i and
loca l var iet ies were g r o w n a r o u n d E l Obe id i n
assoc ia t ion w i t h I N T S O R M I L . U g a n d i was
f o u n d super io r to the loca l var iet ies tha t gener-
a l l y d i d no t p r o d u c e g r a i n because o f the
d r o u g h t .
P lan t select ion was made i n t w o entr ies ( I C M I
84016 and I C M l 84021) f r o m the 1984 exchange
nursery and f ive entr ies f r o m the 1983 exchange
nursery ( C M M 3 2 x Souna I I I , I C M S 7845 x 
I B V 8004, G I N 192-2 x D2 9043, R 16 x L 5053,
and T o g o 17 x S i r ia K o r o l a ) . T h e m a j o r i t y o f the
entr ies i n I M Z A T , I P M A T , and P M A V T
yie lded no g r a i n because o f the severe d r o u g h t .
D a t a were recorded on t o t a l d r y - m a t t e r p r o d u c -
t i o n o n l y f o r these t r ia ls .
i n 1984 b y the r e g i o n a l S A D C C / I C R I S A T
s o r g h u m a n d m i l l e t s i m p r o v e m e n t p r o g r a m
based a t B u l a w a y o , Z i m b a b w e . Requests f o r
seed f o r reg iona l tes t ing were sent to 21 scientists
a r o u n d the w o r l d . There was a g o o d response, as
seed of over 2400 entr ies represent ing a d i ve rs i t y
o f accessions, b reed ing mate r ia l s , and f in ished
p roduc t s were received by Oc tobe r . T h e entr ies
were d i v i ded i n t o 13 t r ia ls a n d nurseries w h i c h
were then p lan ted at as m a n y as seven loca t ions
i n f ive coun t r i es , B o t s w a n a , M a l a w i , T a n z a n i a ,
Z a m b i a , and Z i m b a b w e (Tab le 27).
I t i s an t i c i pa ted tha t results ob ta ined f r o m
these i n i t i a l t r ia ls and nurser ies w i l l i nd ica te the
types o f mater ia ls w h i c h are l i ke l y t o p e r f o r m
wel l i n the S A D C C reg ion . Th i s i n f o r m a t i o n
shou ld m a k e a s ign i f i can t c o n t r i b u t i o n t o I C R I -
S A T ' s f u t u r e research act iv i t ies f o r pear l m i l l e t
i m p r o v e m e n t i n sou the rn A f r i c a .
Research act iv i t ies in pear l m i l l e t were i n i t i a ted
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Table 27 . Pear l mil let nurseries grown in Southern Af r ican Deve lopment Coord ina t ion Conference ( S A D C C )
countries, m a i n cropping season, 1 9 8 4 / 8 5 .
N o . o f L o c a t i o n s
1
T r i a l / N u r s e r y ent r ies
Syn the t i cs 77 M a t o p o s , A i s l e b y , Sebele, N g a b u , H a m b o l o
E l i t e var ie t ies 18 M a t o p o s , A i s l e b y , K a o m a , N g a b u , H a m b o l o
H y b r i d s 24 M a t o p o s , A i s l e b y , Sebele, N g a b u , H a m b o l o
P o p u l a t i o n s 32 M a t o p o s , A i s l e b y , Sebele, N g a b u , H a m b o l o , K a o m a
Disease- res is tant l i nes / P o p u l a t i o n s 38 M a t o p o s , A i s l e b y , Sebele, K a o m a , N g a b u , H a m b o l o
I n b r e d s 621 M a t o p o s , K a o m a , A i s l e b y , H a m b o l o
G e r m p l a s m accessions 1520 M a t o p o s , A i s l e b y , G w e b i , K a o m a , N g a b u , H a m b o l o , Sebele
A a n d B l ines ( T i f t o n , G e o r g i a ) 50 M a t o p o s , A i s l e b y , K a o m a
A a n d B l ines a n d p o p u l a t i o n s 40 M a t o p o s , A i s l e b y
(Kansas Sta te U n i v e r s i t y )
Var ie t i es f r o m B u r k i n a Faso 14 M a t o p o s , A i s l e b y
I M Z A T 16 M a t o p o s , A i s l e b y , K a o m a
Pear l M i l l e t E x c h a n g e N u r s e r y 75 M a t o p o s , K a o m a
I P M A T 24 M a t o p o s , K a o m a
1 . S t a t i o n l o c a t i o n s : Sabe le , B o t s w a n a ; N g a b u , M a l a w i ; H a m b o l o , T a n z a n i a ; K a o m a , Z a m b i a ; A i s l e b y , G w e b i ; a n d M a t o p o s ,
Z i m b a b w e .
Technicians w o r k i n g wi th the S A D C C / I C R I S A T program bagging heads of the first pearl mil let trials grown at
Bu lawayo Sewage F a r m , Aisleby, Z i m b a b w e , 1984.
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D u r i n g the f i rs t week o f A p r i l , pear l m i l l e t
scientists met f o r 2 days at I C R I S A T Center .
A b o u t 35 pear l m i l l e t scientists f r o m the I n d i a n
n a t i o n a l p r o g r a m a t tended the mee t ing together
w i t h 14 scientists f r o m I C R I S A T . T h i s was the
f i rs t t ime a Scient is ts ' D a y had been organ ized to
show c o o p e r a t i n g scientists the dry-season m i l l e t
c r o p and to g ive t h e m a chance to select ma te -
r ials in th is season. T h e event p r o v i d e d o p p o r -
t u n i t y f o r i n t e rac t i on and d iscuss ion o f c o m m o n
needs and p rob lems a m o n g scient ists, and f o r
n a t i o n a l p r o g r a m scientists t o select I C R I S A T
lines and breed ing mater ia ls .
Entomology W o r k i n g Group
A one-day w o r k i n g g r o u p mee t ing f o r e n t o m o l -
ogists in N ige r was sponsored by the I S C in
N i a m e y , 27 A p r i l . I t was a t tended by p a r t i c i -
pants f r o m I C R I S A T , I N R A N , and the C o m i t e
Pe rmanen t I n te r -E ta ts de L u t t e C o n t r e la Seche-
resse dans le Sahel ( C I L S S ) In teg ra ted Pest
M a n a g e m e n t Pro jec t .
C o l l a b o r a t i v e research on pear l m i l l e t pests
was discussed and the meet ing deve loped plans
to conduc t a m u l t i l o c a t i o n a l t r i a l on Raghuva 
albipunctella at f ive loca t ions in N iger .
Th i rd Regional Workshop of the Eastern
Afr ica Sorghum and Mi l l e t Improvement
Network
T h i s w o r k s h o p was he ld a t M o r o g o r o , T a n z a -
n ia , 5-8 June 1984. The re were 30 pa r t i c i pan t s ,
ha l f o f t h e m f r o m the host c o u n t r y , and others
f r o m E t h i o p i a , K e n y a , R w a n d a , S o m a l i a ,
S u d a n , U g a n d a , and Y e m e n ( P D R ) . A l l p a r t i c i -
pants were act ive wo rke rs in s o r g h u m and m i l l e t
research. Twen ty papers were presented, seven
on d i f fe ren t aspects o f the T a n z a n i a n n a t i o n a l
s o r g h u m i m p r o v e m e n t p r o g r a m , the r ema inde r
by c o u n t r y representat ives w h o each repo r ted on
the s o r g h u m and m i l l e t w o r k i n his c o u n t r y d u r -
i ng the 1983/84 c r o p season. T h e results o f the
1983 Eastern A f r i c a C o o p e r a t i v e S o r g h u m
Reg iona l T r i a l s ( E A C S R T ) were presented and
discussed.
T h e m a j o r r ecommenda t i ons o f the w o r k s h o p
were to c o m b i n e several coopera t i ve s o r g h u m
reg iona l t r ia ls in eastern A f r i c a and to i n i t i a te in
1985 a special reg iona l s o r g h u m screening
nursery o f b reed ing l ines f r o m I C R I S A T Center ,
E t h i o p i a , S A F G R A D / I C R I S A T ( K e n y a ) , T a n -
zan ia , and Uganda . T h e proceedings o f th is
meet ing are ava i lab le f r o m the S A F G R A D /
I C R I S A T R e g i o n a l O f f i ce , N a i r o b i , K e n y a . T h e
4 t h A n n u a l Reg iona l W o r k s h o p w i l l be held i n
Uganda in 1985.
Regional Workshop on Pearl M i l l e t
Improvement in West Afr ica
T h i s reg iona l w o r k s h o p , sponsored b y I C R I -
S A T , was held a t I S C , N i a m e y , 31 A u g u s t to 4 
September . T h e m a i n ob jec t ive was to b r i n g
toge ther a l l scientists w o r k i n g on pear l m i l l e t
i m p r o v e m e n t i n n a t i o n a l and reg iona l p r o g r a m s
in West A f r i c a , and to rev iew cu r ren t pear l m i l l e t
i m p r o v e m e n t research i n the reg ion . T h e w o r k -
shop also p r o v i d e d an o p p o r t u n i t y f o r p a r t i c i -
pants to f am i l i a r i ze themselves w i t h the
object ives o f I C R l S A T ' s reg iona l research o n
pear l m i l l e t i m p r o v e m e n t .
A t o t a l o f 29 research w o r k e r s f r o m B e n i n ,
B u r k i n a Faso , C a m e r o o n , C h a d , G a m b i a ,
G h a n a , I S C , I v o r y Coas t , M a l i , N ige r , N i g e r i a ,
S A F G R A D , S e n e g a l , S u d a n , a n d T o g o
pa r t i c i pa ted .
T h e p r o g r a m rev iewed the ro le o f n a t i o n a l and
reg iona l o rgan iza t i ons a n d I C R I S A T / U N D P
c o u n t r y p r o g r a m s . T o p i c s o f special interest
i n c l u d i n g the c o n d u c t o f exchange nurser ies a n d
yie ld t r ia ls were discussed, and the pa r t i c i pan ts
v is i ted the I S C Research S t a t i o n a t Sadore a n d
the I N R A N Research S t a t i o n a t K o l o .
T h e w o r k s h o p pa r t i c i pan ts made several
r e c o m m e n d a t i o n s f o r pear l m i l l e t b reed ing i n
the reg ion : they advoca ted a m u l t i d i s c i p l i n a r y
a p p r o a c h t o m i l l e t i m p r o v e m e n t , b reed ing
Workshops, Conferences,
and Seminars
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adap ted var ie t ies, the i m p r o v e m e n t o f loca l p o p -
u l a t i ons , and i m p r o v e m e n t o f g r a i n q u a l i t y t o
inc lude cons ide ra t i on o f phys ica l character is t ics
o f g r a i n . T h e need to screen f o r resistance to such
stress fac tors as d o w n y m i l d e w , Striga hermon-
thica, insects, a n d d r o u g h t as also emphas ized .
Pa r t i c i pan ts ind ica ted tha t i n assoc ia t ion w i t h
the n a t i o n a l p r o g r a m s , l C R l S A T shou ld p lay a 
key ro le i n West A f r i c a i n the e v a l u a t i o n , m a i n -
tenance, and exchange o f genet ic resources;
o r g a n i z a t i o n o f reg iona l and i n te r - reg iona l v is i ts
a n d w o r k s h o p s ; a n d d i s s e m i n a t i o n a n d
exchange o f cu r ren t l i t e ra tu re on pear l m i l le t
t h r o u g h the S o r g h u m and M i l l e t I n f o r m a t i o n
Center .
Working Group Meeting on Cereal Nitrogen
Fixation
A w o r k i n g g r o u p mee t ing on cereal n i t r o g e n
f i x a t i o n was held 9-12 O c t o b e r a t I C R I S A T
C e n t e r . T w e n t y - o n e sc ien t i s ts r e p r e s e n t i n g
I C A R , I n d i a n un ivers i t ies , and o ther G o v e r n -
men t o f I n d i a research o rgan iza t i ons p a r t i c i -
pated in the meet ing , toge ther w i t h seven
members o f I C R I S A T staff. E igh teen papers
cove r i ng cu r ren t research f i nd ings and p lans f o r
f u t u re w o r k by d i f fe ren t research g roups were
presented in the m a i n sessions. In a d d i t i o n to
these w o r k i n g sessions, there were special ses-
sions on me thods o f measu r ing n i t r ogen f i x a t i o n
associated w i t h cereals, me thods o f e n u m e r a t i n g
and q u a n t i f y i n g n i t r o g e n - f i x i n g bac te r ia , and on
c r o p responses t o f i e ld i n o c u l a t i o n w i t h
n i t r o g e n - f i x i n g bacter ia . In a c o n c l u d i n g ses-
s i on , the pa r t i c ipan ts emphas ized the need f o r
more s tandard i zed , u n i f o r m techn iques f o r
q u a n t i f i c a t i o n studies, and m o r e app l i ed f ie ld
w o r k a t d i f f e ren t geograph ic loca t ions . T h e y
also iden t i f i ed o the r p r i o r i t y areas f o r w o r k on
cereal n i t r ogen f i x a t i o n . T h e proceedings are in
p r e p a r a t i o n and w i l l b e ava i lab le f r o m I n f o r m a -
t i o n Services, I C R I S A T .
S A D C C / I C R I S A T Regional Workshop
A w o r k s h o p was held in H a r a r e , Z i m b a b w e ,
22-25 Oc tobe r , t o m a k e p lans f o r w o r k i n
1984/85 and to beg in to generate i n f o r m a t i o n
re levant t o s o r g h u m and m i l l e t i n the S A D C C
reg ion . S o r g h u m and mi l l e t w o r k e r s represent-
ing a range o f d isc ip l ines f r o m a l l S A D C C c o u n -
tr ies except A n g o l a and Swaz i l and a t tended .
C o o p e r a t o r s ind ica ted the types o f pear l m i l l e t
nurseries and t r ia ls they were interested in g r o w -
ing d u r i n g the 1984/85 m a i n c r o p p i n g season.
L o o k i n g A h e a d
Physical stresses. N o w tha t we have a lmos t
comp le ted w o r k on techniques to eva luate the
a b i l i t y o f seeds to ge rm ina te and emerge under
several p r o b l e m seedbed c o n d i t i o n s , we w i l l shif t
o u r emphasis to us ing these techn iques in the
breed ing p r o g r a m . Th is w i l l inc lude b o t h r o u t i n e
test ing o f advanced mater ia ls and eva lua t i ng the
response to select ion f o r emergence in the c o m -
posi te b reed ing pro jec t .
W o r k on techniques to screen fo r pos t -emer -
gence seedl ing su rv i va l and g r o w t h w i l l c o n -
t i nue , and w h e n feasible these techniques w i l l be
used to evaluate b reed ing mater ia ls at the I S C .
F u r t h e r emphasis in d r o u g h t research w i l l be
on stress d u r i n g f l ower ing and g ra in f i l l i n g ,
w h i c h has a m u c h greater effect on g r a i n y ie lds
than p r e f l o w e r i n g stress. I n i t i a l inves t iga t ions
w i l l be on di f ferences in ab i l i t y to set g ra i n under
these cond i t i ons and on c a r b o h y d r a t e a v a i l a b i l -
i t y f o r g ra i n f i l l i n g .
Biotic stresses. Large scale f ie ld screening f o r
resistance t o D M , e rgo t , and smut a t I C R I S A T
Center , and f o r rust a t Bhavan isagar w i l l c o n -
t i nue , a l t h o u g h we hope to increase re l i ab i l i t y
fo r rust screening a t I C R I S A T Center . Es tab-
l i shment o f re l iab le D M screening i n N ige r w i l l
receive p r i o r i t y a t t e n t i o n , and w i l l i nvo l ve
sequent ia l sow ing w i t h pe r fospray i r r i g a t i o n
d u r i n g b o t h the ra iny and off-seasons to deter -
m i n e the o p t i m u m t ime o f s o w i n g t o co inc ide
w i t h a g o o d disease ep idemic . I n a d d i t i o n , D M
screening w i l l a lso be a t t emp ted in the h igher
ra i n fa l l area o f G a y a , and smu t and D M screen-
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ing w i l l be a t t emp ted under h igher n a t u r a l
h u m i d i t y in the N ige r R i ve r va l ley near Sadore .
We shal l c o n t i n u e to o rgan ize the I n t e r n a -
t i o n a l Pear l M i l l e t Disease Resistance Tes t i ng
P r o g r a m f o r D M , e rgo t , s m u t , and rust . H o w -
ever, we are l i ke ly to reduce somewha t the
n u m b e r o f loca t ions i n I nd i a and we shal l t r y to
increase the n u m b e r o f loca t ions i n A f r i c a . We
hope t o be able t o i den t i f y the DM reac t i on types
o f m o r e A f r i c a n pear l m i l le ts i n West A f r i c a and
use this i n f o r m a t i o n to i nc lude m o r e A f r i c a n
pear l mi l le ts i n o u r m u l t i l o c a t i o n a l tes t ing. We
an t i c ipa te i n i t i a t i n g a disease nursery at several
loca t ions in sou the rn A f r i c a .
Studies o n pa thogen ic v a r i a b i l i t y o f the D M
fungus and mechan isms o f resistance to e rgo t
w i l l be c o n t i n u e d w i t h o u r c o l l a b o r a t o r s a t the
Un ive rs i t y o f Re ad ing , and I m p e r i a l Co l lege,
U K . Basic studies on va r ious aspects o f the b i o l -
ogy o f the f o u r diseases w i l l c o n t i n u e a t 1 C R I -
S A T Center , and an e f fo r t w i l l be made to
produce sporangia fo r f ield inoculat ions at ISC .
Strategies have been deve loped w i t h breeders
to more f u l l y u t i l i ze iden t i f i ed sources o f disease
resistance in the b reed ing p r o g r a m . A t t e m p t s to
study inher i tance of resistance to diseases w i l l
con t i nue a t I C R I S A T Center .
We w i l l in i t ia te studies to deve lop stable and
rel iable techniques to ensure h igh stem borer and
earhead ca te rp i l l a r in festa t ions to screen large
pear l m i l l e t co l lec t ions . We w i l l use these studies
to iden t i f y and ut i l ize head character is t ics tha t
are v i ta l in d e t e r m i n i n g to lerance or resistance,
and to screen a larger, and mo re representat ive
co l lec t ion o f A f r i c a n g e r m p l a s m accessions. We
w i l l a lso unde r take more deta i led studies on the
b io l ogy and eco logy o f the earhead ca te rp i l l a r to
de te rm ine the key factors related to cessat ion o f
p u p a l d iapause, and subsequent m o t h emer -
gence. We also p lan to make a deta i led i v e n t o r y
o f parasites and predators o f b o t h pests, poss ib ly
w i t h the assistance of a c o l l a b o r a t i n g ins t i tu te
specia l iz ing in such studies.
Microbio logy. W e w i l l con t i nue o u r l o n g - t e r m
n i t rogen-ba lance studies in the f ie ld w i t h m i l l e t
and forage grasses to est imate the a m o u n t o f
n i t r ogen f i x e d . We w i l l a lso con t i nue t o use
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based techniques to q u a n t i f y the d i f ferences in
n i t r ogen f i x a t i o n associated w i t h selected m i l l e t
cu l t i va rs .
We w i l l be s tudy ing the response o f m i l l e t to
i n o c u l a t i o n w i t h n i t r o g e n - f i x i n g bacter ia a t sev-
eral loca t ions and the effects o f o rgan ic ma t t e r
amendmen ts on the i n o c u l a t i o n responses. We
w i l l a lso repo r t the es tab l ishment and pers is t -
ence o f inocu la ted n i t r o g e n - f i x i n g bacter ia in the
f i e ld .
We w i l l con t i nue f ie ld and p o t tests on the
ef f ic iency o f V A M isolates co l lected f r o m Ra jas -
t h a n . We w i l l seek f u r t he r c o n f i r m a t i o n o f geno -
type di f ferences i n response t o V A M i n o c u l a t i o n
i n the f i e ld . Studies o n the ro le o f V A M i n o c u l a -
t i o n i n bet ter u t i l i za t i on o f rock phospha te w i l l
be emphas ized . We hope to survey pear l m i l l e t
g r o w i n g i n the S A T regions o f West A f r i c a f o r
V A M status and f o r p lan t and so i l p h o s p h o r u s
con ten t .
Plant improvement. Emphas is on genet ic
resources u t i l i z a t i o n w i l l be increased. Acces-
sions w i t h h i g h seed mass w i l l be fed back i n t o
the large-seeded gene p o o l , w h i c h w i l l be
i m p r o v e d by mass select ion to generate m a t e -
r ials f o r use i n b reed ing p rog rams a t I C R I S A T
Center and elsewhere. Stable sources o f very
h igh D M resistance w i l l b e exp lo i t ed i n the
genet ic d i ve rs i f i ca t i on pro jec t . N e w sources o f
m a j o r d w a r f i n g genes w i l l be i n t r o d u c e d i n t o
breed ing mater ia ls .
Inb reds iden t i f i ed f r o m va r ious b reed ing p r o -
jects as h a v i n g s h o w n very h i gh genera l c o m b i n -
i ng a b i l i t y w i l l be crossed w i t h ex i s t i ng B l ines.
Smut - res is tan t l ines w i l l be u t i l i zed to breed
smut - res is tan t , male-ster i le l ines to d i ve rs i f y the
genet ic base o f the male-ster i le p r o g r a m . H i g h -
y ie l d i ng d 2 d w a r f p o p u l a t i o n s w i l l be u t i l i zed as
sources o f l o n g heads (up to 36 c m ) in m a l e -
steri le b reed ing . M u t a t i o n b reed ing , b o t h c y t o -
p lasmic and genet ic , w i l l be used in the
male-ster i le b reed ing pro jec t .
M o r e emphasis w i l l be g iven in the p o l l i n a t o r
pro jec t t o us ing h i gh -y i e l d i ng progenies f r o m the
p o p u l a t i o n i m p r o v e m e n t p ro jec t .
W e w i l l con t i nue t o conduc t I P M A T , p a r t i c i -
pate i n the A I C M I P tes t ing sys tem, and d i s t r i b -
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ute a n n u a l nurser ies c o n t a i n i n g el i te b reed ing
mater ia ls . Seed w i l l be supp l ied w o r l d w i d e and
re la t ions s t rengthened w i t h S A D C C count r ies
and I N T S O R M l L m i l l e t researchers.
We w i l l begin select ing f o r smut and rust res-
istance in the p o p u l a t i o n i m p r o v e m e n t p ro jec t
and w i l l beg in w o r k on ergot resistance. We w i l l
invest igate f u r t h e r procedures f o r m a k i n g p o p u -
l a t i o n var iet ies.
A t the I S C eva lua t i on o f new accessions c o l -
lected i n C a m e r o o n , S ier ra Leone , Z a m b i a , and
Z i m b a b w e w i l l be unde r taken . Gene ra t i on o f
new va r i ab i l i t y us ing adapted paren ta l ma te r i a l
w i l l con t i nue . Selected progenies w i l l be used to
f o r m synthet ics and super io r p o p u l a t i o n p r o g e n -
ies to cons t i tu te var iet ies. W o r k on hyb r i ds and
the i den t i f i ca t i on o f new ma in ta i ne r l ines w i l l
con t i nue . We w i l l con t i nue to evaluate y ie ld
t r ia ls and exchange nurseries o r i g i n a t i n g f r o m
I C R I S A T Center , the I C R I S A T West A f r i c a n
P r o g r a m , and n a t i o n a l p rog rams in the reg ion .
Screening techniques deve loped a t I C R I S A T
Center f o r seedl ing es tab l ishment under d r o u g h t
stress and under h igh soi l tempera tures w i l l be
tested f u r t h e r and app rop r i a t e m o d i f i c a t i o n s
w i l l be made to enable large-scale screening o f
b reed ing ma te r i a l f o r bet ter es tab l ishment under
Sahel ian cond i t i ons .
In Senegal in 1985, the advanced y ie ld t r i a l
w i t h new entr ies w i l l be in i t ia ted in c o l l a b o r a t i o n
w i t h the I S R A M i l l e t P r o g r a m . Selected syn the t -
ics and hyb r ids w i l l be m u l t i l o c a t i o n a l l y eva lu -
ated i n y ie ld t r ia ls , a n d i m p r o v e d versions o f I B V
8004 and Souna I I I w i l l be c o m p a r e d w i t h o r i g i -
na l bu lks . T h e 401 i nb red l ines tested in 1984 w i l l
be re-evaluated to character ize m o r p h o l o g i c a l
t ra i t s . T h e i m p r o v e m e n t o f I B M V 8401 t h r o u g h
l i m i t e d backcross ing w i l l con t i nue .
I n S u d a n we w i l l con t i nue t o c o n d u c t pear l
m i l l e t n a t i o n a l t r ia ls . Br is t led P o p u l a t i o n M C 2
B u l k and K T P 8202 w i l l b e i nc luded i n the o n -
f a r m test ing p r o g r a m o f 1985 i n d i f fe ren t m i l l e t -
g r o w i n g regions o f the c o u n t r y . M u l t i n a t i o n a l
t r ia ls , eva lua t i on o f b reed ing mater ia ls , a n d p r o -
geny test ing w i l l con t i nue . Researcher-managed
o n - f a r m t r ia ls w i l l be conduc ted w i t h selected
mate r i a l .
T h e N ige r n a t i o n a l p r o g r a m w i l l be assisted by
I C R I S A T t o m u l t i p l y pear l m i l l e t var iet ies
I T M V 8 0 0 1 , I T M V 8002, a n d I T M V 8304,
recommended by I N R A N f o r release i n N ige r i n
1985. F u r t h e r m o r e , the I ns t i t u t du Sahel w i l l be
g iven techn ica l assistance in the i r e f fo r ts w i t h
d e m o n s t r a t i o n t r ia ls i n fa rmers ' f ie lds o f I T M V
8001 and I T M V 8003. W e hope t o i m p r o v e the
pe r fo rmance o f these var iet ies and others by
select ion to e l im ina te poore r p lants w i t h i n the i r
p o p u l a t i o n s .
In N ige r i a , a n u m b e r o f newly -deve loped
select ions, f r o m b o t h the I C R I S A T and I A R
p rog rams deserve, and w i l l receive serious c o n -
s idera t ion by the na t i ona l p r o g r a m as possible
a l te rnate var iet ies to the N ige r i an C o m p o s i t e
a n d / o r possible rep lacement var iet ies f o r E x -
B o r n u and the W o r l d C o m p o s i t e . M o s t o f the
new I C R I S A T expe r imen ta l variet ies have
advantages o f ear l ier m a t u r i t y , shor te r p lan t
he ight , and m o r e p roduc t i ve t i l l e r i ng t han the
cur ren t i m p r o v e d var iet ies. A bet ter and re l iab le
tes t ing system w i l l be sought to de te rm ine the
po ten t i a l o f these new select ions.
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O u r p r i n c i p a l ob jec t ive con t inues to be the
deve lopmen t o f i m p r o v e d cu l t i va rs a n d genet ic
stocks o f des i - and kabu l i - t ype ch ickpeas capa-
ble o f h igher and m o r e stable y ie lds in a l l types o f
c r o p p i n g systems.
D u r i n g the 1983/84 c r o p p i n g season, o u r
act iv i t ies con t i nued a t three m a i n l oca t i ons ,
I C R l S A T Center ( 1 8 ° N , 7 8 ° E , 800 m m mean
annua l r a i n fa l l ) , on s h o r t - d u r a t i o n desi types;
H i sa r ( 2 9 ° N , 7 5 ° E , 450 m m a n n u a l r a i n fa l l ) , i n
c o o p e r a t i o n w i t h H a r y a n a A g r i c u l t u r a l Un i ve r -
s i ty ( H A U ) , o n l o n g - d u r a t i o n desi and k a b u l i
cu l t i va rs ; and a t A l e p p o ( 3 6 ° N , 3 7 ° E , 340 m m
annua l r a i n fa l l ) , Sy r i a , a t o u r sister ins t i tu te the
I n t e r n a t i o n a l Center f o r A g r i c u l t u r a l Research
i n the D r y Areas ( I C A R D A ) , o n k a b u l i types f o r
w in te r o r sp r ing s o w i n g in the M e d i t e r r a n e a n
reg ion , and S o u t h and C e n t r a l A m e r i c a .
O u r subs id ia ry test ing centers inc luded G w a l -
io r ( 2 6 ° N , 7 8 ° E ) i n cen t ra l I n d i a , and f o r o f f -
season a d v a n c e m e n t a n d m u l t i p l i c a t i o n ,
T a p p e r w a r i p o r a ( 3 4 ° N , 7 5 ° E ) i n K a s h m i r ,
n o r t h e r n I n d i a , Sarghaya (36° N , 36° E) , Sy r i a ,
T e r b o l (34° N , 3 6 ° E ) , L e b a n o n , and I s l a m a b a d ,
Pak is tan (34° N , 7 3 ° E ) . We acknow ledge the
c o n t r i b u t i o n s o f the m a n y coopera to rs w h o have
made i t possible to increase the n u m b e r o f in te r -
n a t i o n a l t r ia ls and nurseries d i s t r i bu ted d u r i n g
1984.
In I n d i a , where ch ickpea is o n l y g r o w n in the
pos t ra iny season, 1984 was no t so favo rab le as
1983. A t I C R I S A T Center , r a i n f a l l i n 1983,
t h o u g h above average, con t i nued i n t o Oc tobe r
and ear ly N o v e m b e r , h a m p e r i n g seedbed p repa -
r a t i o n a n d caus ing cons iderab le de lay i n sow ing .
P lan t stands were reduced by co l la r r o t and fusa-
r i u m w i l t m a k i n g i n t e rp re ta t i on o f da ta d i f f i c u l t
in several expe r imen ts . Heliothis sp in fes ta t ions ,
a l t h o u g h less t h a n in recent years, caused some
damage to the c r o p a t the p o d d i n g stage.
A t H i sa r , r a i n f a l l d u r i n g the g r o w i n g season
was l o w e r t h a n n o r m a l . The w in te r was very coo l
and d r y , so ascochyta b l i gh t and bo t r y t i s g ray
Ch ickpeas are genera l ly g r o w n on stored soi l
mo is tu re in the semi -ar id t rop ics ( S A T ) and are
subjected to v a r y i n g degrees o f so i l and a tmos-
pher ic d r o u g h t d u r i n g the g r o w i n g season.
L i m i t e d rains d u r i n g the c r o p season to some
extent reduce the in tens i ty o f so i l d r o u g h t . In
some areas, such as the S A T par ts o f pen insu la r
I n d i a , ch ickpea g r o w t h and y ie ld is severely res-
t r i c ted by lack o f water . A l l e v i a t i o n o f th is stress
by i r r i g a t i o n m o r e t h a n doub les ch ickpea y ie lds
( I C R 1 S A T A n n u a l R e p o r t 1978/79, p.123).
W h e r e i r r i g a t i o n fac i l i t ies are l i m i t e d , increased
and stable y ie ld levels can be achieved o n l y by
the select ion and breed ing o f d r o u g h t - t o l e r a n t
cu l t i va rs . We screened a large n u m b e r o f new
ch ickpea accessions a t I C R I S A T Center f o r
d r o u g h t to lerance in nonrep l i ca ted f ie ld t r ia ls
th is year. T h e d r o u g h t to lerance index was c o m -
pu ted by a d o p t i n g a regression a p p r o a c h ( I C R I -
S A T A n n u a l R e p o r t 1979/80 , p p . 82-84). W e
Physica l Stresses
D r o u g h t To le rance
m o l d d i d n o t appear . Bu t severe sa l in i ty p r o b -
lems caused h igh p lan t m o r t a l i t y , m a k i n g i t
imposs ib le to analyze most o f ou r e x p e r i m e n t a l
results. Heliothis sp popu la t i ons were be low
n o r m a l and caused o n l y s l ight damage a t the
p o d d i n g stage.
I n Sy r i a , the w in te r was d r y and w a r m , t o t a l
w i n t e r ra i n fa l l (200 m m ) was 3 0 % less t h a n n o r -
m a l , w h i c h adversely af fected g r o w t h o f the
w i n t e r - s o w n c r o p and also caused a decrease in
the area o f sp r i ng -sown c r o p . D r o u g h t c o n d i -
t ions f u r t h e r ex tended i n t o the sp r ing and caused
m o r e y ie ld r educ t i on i n sp r ing -sown t h a n i n
w i n t e r - s o w n ch ickpeas. Because o f the w i d e -
spread d r o u g h t m a n y o f ou r t r ia ls were a f fec ted,
and in some, no va l i d da ta c o u l d be recorded .
These t r ia ls w i l l be repeated in 1985.
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One o f the m a j o r reasons f o r l o w y ie lds i n
fa rmers ' f ie lds i s p o o r a n d n o n u n i f o r m p lan t
stands. Th i s p r o b l e m is p r i m a r i l y caused by n o n -
g e r m i n a t i o n o f v iab le seeds due to insu f f i c ien t
soi l m o i s t u r e in the seedbed. We have p rev ious l y
descr ibed a f ie ld m e t h o d to screen f o r ch i ckpea
genotypes tha t have a greater - than-average a b i l -
i t y t o ge rm ina te f r o m seedbeds w i t h reced ing so i l
mo i s tu re ( I C R I S A T A n n u a l R e p o r t 1983,
p. 122). We screened 100 genotypes by th is
m e t h o d , us ing d i f f e ren t s o w i n g dates to create
d i f fe ren t i n i t i a l so i l -mo is tu re contents i n the t o p
10cm of so i l . There was less emergence at l owe r
so i l -mo is tu re levels (Tab le 1). T h e a m o u n t o f
mo i s tu re in the t o p 10 cm o f soi l accoun ted f o r
9 8 % o f the v a r i a b i l i t y i n p lan t s tand. W e f o u n d
geno typ ic d i f ferences associated w i t h th is
response and f u r t h e r studies are in progress to
relate p lan t - s tand es tab l i shment to y i e l d .
T a b l e 1 . Ef fect o f d i f fe rent in i t i a l so i l -mois ture
contents a t 0 - 1 0 cm soi l dep th , created by sowing
at d i f ferent t imes af ter i r r i g a t i o n , on chickpea
seedl ing emergence ( % ) a t 16 days a f ter s o w i n g
( D A S ) o n a V e r t i s o l , I C R I S A T C e n t e r , 1 9 8 3 / 8 4 .
S o w i n g S o i l m o i s t u r e S e e d l i n g
d a t e a t s o w i n g (%) e m e r g e n c e (%)
1
3 0 . 1 2 . 8 3 2 4 . 5 8 7
10. 1 . 8 4 2 4 . 3 8 6
2 4 . 2 . 8 4 2 1 . 6 72
2 1 . 3 . 8 4 2 0 . 6 57
SE + 0 . 2 2 + 2 . 9
1 . A v e r a g e f o r 1 0 0 g e n o t y p e s .
We con t i nued disease surveys in N e p a l , Pak i s -
t a n , U S A , and par ts o f I n d i a . I n N e p a l , bo t r y t i s
g ray m o l d (Botrytis cinerea) was very c o m m o n
in mos t o f the ch ickpea areas, especial ly where
ch ickpea was g r o w n af ter l o w l a n d r ice. Rus t
(Uromyces ciceris-arietini) was i m p o r t a n t in
ch ickpea g r o w n in s u b m o n t a n e areas, whereas
w i l t (Fusar ium oxysporwn f .sp ciceri) was
observed at a l o w f requency . S tun t (pea lea f - ro l l
v i rus ) was observed a t P a k h r i b a s , D i s t r i c t
D h a n k u t a , N e p a l . I n Pak i s tan , u n l i k e the past
three seasons, we d i d no t observe any n a t u r a l
inc idence of ascochy ta b l i gh t (Ascochyta rabiei) 
i n f a rmers ' f ie lds . H o w e v e r , s tun t , w i l t , and r o o t
ro t pa thogens , i n t ha t o rde r , were i m p o r t a n t i n
ch ickpea t r ia ls a t expe r imen t s ta t ions a n d in
Surveys
Biot ic Stresses
Diseases
A n n u a l R e p o r t 1978-79, p . 126). We have i d e n t i -
f ied l ines in breeders ' segregat ing p o p u l a t i o n s
w h i c h set pods a t such l o w n igh t tempera tu res .
H o w e v e r , these genotypes are no t g o o d a g r o -
n o m i c types and p roduce very l o w y ie lds. We are
n o w i n c o r p o r a t i n g th is co ld - to le rance charac te r
i n t o su i tab le a g r o n o m i c backg rounds .
Germination from Limited
Seedbed Moisture
selected 12 suscept ib le, and 12 t o l e ran t g e n o -
types a n d tested t h e m f o r d r o u g h t to le rance in a 
rep l ica ted t r i a l on a Ve r t i so l and an A l f i s o l a t
I C R I S A T Center . W e measured d i s t i nc t geno -
t yp i c d i f ferences. The re was a s im i l a r separa t ion
o f the mos t to le ran t and the mos t suscept ib le
genotypes on Ver t iso ls and A l f i so l s . D r o u g h t
to le rance was n o t associated w i t h l o w mean y ie ld
because the non i r r i ga ted y ie ld o f the mos t to le r -
an t geno type (1100 kg ha
- 1
) was c o m p a r a b l e to
tha t o f A n n i g e r i , the best-adapted c u l t i v a r o f the
reg ion . Some o f the p r o m i s i n g genotypes w i l l
n o w be tested in y ie ld t r ia ls in Ve r t i so l f ie lds
d i f f e r i n g i n so i l depths and w a t e r - h o l d i n g
capaci t ies.
Low-Temperature Tolerance Dur ing
Flowering and Pod Filling
I n regions where n igh t tempera tures are l o w d u r -
i ng the f l o w e r i n g and p o d - f i l l i n g stages o f ch ick -
pea deve lopmen t , such as in n o r t h e r n I n d i a ,
f l owers a b o r t and no p o d set occurs ( I C R I S A T
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fa rmers ' f ie lds . Sa l i n i t y was i m p o r t a n t i n S i n d
Prov ince wherever the wa te r tab le was h i g h . In
the U S A , a severe a t tack o f ascochyta b l i gh t was
observed in patches in a fa rmer 's f i e ld near Gene-
see, I d a h o . D a m p i n g - o f f ( P y t h i u m ultimum) 
was c o m m o n a t the Cen t ra l Fe r r y Research
F a r m near P u l l m a n , W a s h i n g t o n . I n western
I n d i a , s tunt was the most i m p o r t a n t disease f o l -
l owed by w i l t . T h e inc idence o f s tunt was u n u s u -
a l l y h igh ( > 3 0 % ) i n n o r t h e r n I n d i a .
Fusarium Wi l t (Fusarium oxysporum f.sp
ciceri)
Screening for resistance. We c o n t i n u e d to
screen a large n u m b e r of genotypes and b reed ing
mater ia ls f o r w i l t resistance in a w i l t - s i ck p lo t . Of
the 361 new ge rmp lasm accessions screened, 16
lines had < 2 0 % w i l t inc idence. T w o k a b u l i l ines,
I C C 5363 and I C C 11195 were f o u n d p r o m i s i n g
in the 2 n d year o f screening.
We c o n f i r m e d resistance in 70 w i l t - res is tan t
l ines, iden t i f i ed t h r o u g h f ie ld screening, by po t
screening in a screenhouse. We have n o w i d e n t i -
f ied a t o ta l of 128 wi l t - res is tant l ines, i n c l u d i n g
58 lines iden t i f i ed ear l ier .
Breeding for fusarium wilt resistance. We
made 26 crosses between wi l t - res is tan t and
sho r t - and l o n g - d u r a t i o n desi and k a b u l i c u l t i -
vars. We a t t emp ted 11 backcrosses to t rans fer
w i l t resistance t o I L C 482, I L C 484, and o ther
released I n d i a n cu l t i vars o f shor t , m e d i u m , and
l o n g d u r a t i o n .
A t I C R I S A T Center , we screened 52 F 2 p o p u -
la t ions and 2326 F3 p r o g e n i e s / p o p u l a t i o n s in a 
w i l t -s ick p lo t and selected 1300 single p lan ts and
182 progenies. We eva luated over 500 F4 and
more-advanced genera t ion l ines in n o r m a l p lo ts ;
792 single p lants and 105 l ines were selected f o r
f u r t h e r tes t ing. We a t temp ted to c o m p a r e a t o t a l
o f 144 w i l t - res is tan t desi and k a b u l i l ines in r ep l i -
cated tests, bu t the p lan t stands were so severely
affected by Sclerotium rolfsii, t ha t the results
cou ld no t be ana lyzed. A l l the t r ia ls w i l l be
repeated in 1985.
At H i sa r , we screened 24 F2s and 318 F 3 p roge -
n ies /bu l ks in w i l t - s i ck p lo ts and selected 1500
single p lan ts . We eva luated a lmos t 400 F 4 and
more -advanced genera t ion l ines / bu l ks i n n o r -
m a l f ie lds , and selected 277 single p lan ts a n d 97
l ines; the mos t p r o m i s i n g o f these w i l l be tested
in rep l ica ted t r ia ls nex t year.
F r o m p r e l i m i n a r y and advanced y ie ld t r i a l s ,
10 entr ies (Tab le 2) w i l l be c o n t r i b u t e d by I C R I -
S A T t o the I n t e r n a t i o n a l Ch i ckpea Screen ing
Nurser ies ( I C S N s ) and one to the I n t e r n a t i o n a l
Ch i ckpea Coopera t i ve T r i a l ( I C C T ) .
Inheritance studies. We c o n f i r m e d o u r ear l ie r
observa t ion ( I C R I S A T A n n u a l R e p o r t 1983,
p. 124) t h a t a 3 rd independent d o m i n a n t gene
confers late w i l t i n g in cu l t i va r H 208. Studies o f
the assoc ia t ion o f f l o w e r c o l o r w i t h w i l t r eac t i on
to race 1 of F. oxysporum f .sp ciceri showed tha t
a t least one o f the l oc i g o v e r n i n g f l o w e r c o l o r
was independent o f t w o o f the l oc i c o n f e r r i n g
w i l t resistance, and tha t the locus f o r f l o w e r
c o l o r segregated i n d e p e n d e n t l y o f f l o w e r
n u m b e r per node.
Biology and epidemiology. F u r t h e r studies
ind ica ted tha t F. oxysporum f .sp ciceri su rv ived
fo r 72 m o n t h s i n soi l i n w h i c h s tubb le f r o m
wi l ted p lants was bu r ied in M a r c h 1978. T h e
fungus obv ious l y surv ived f o r m o r e t h a n 6 years,
b u t we have n o w te rm ina ted the expe r imen t .
We began a s tudy on mechan ism(s) o f resis-
tance t o ch ickpea w i l t . R o o t exudates f r o m w i l t -
res is tan t c h i c k p e a p l a n t s i n h i b i t e d spo re
g e r m i n a t i o n in F. oxysporum f .sp ciceri. F u r t h e r
w o r k is in progress.
Other Soilborne Diseases
S c r e e n i n g f o r m u l t i p l e s o i l b o r n e d i s -
eases. Wi l t - res is tan t g e r m p l a s m accessions,
breed ing l ines, and lines received f r o m o u r c o o p -
erators i n I n d i a were screened a t I C R I S A T C e n -
ter in a p l o t c o n t a i n i n g the f o l l o w i n g pathogens,
in o rde r of prevalence: F. oxysporum f .sp ciceri, 
Rhizoctonia bataticola, Sclerotium rolfsii, F. 
solani, and R. solani. 
N i n e w i l t - res is tan t g e r m p l a s m selections i d e n -
t i f i ed in th is t r i a l were also resistant to m u l t i p l e
so i lbo rne diseases. Of the six selected l ines tha t
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T a b l e 2 . Character is t ics o f p r o m i s i n g wi l t - res is tant desi chickpea l ines i n t r i a ls a t I C R I S A T cooperat ive
research centers , H i s a r o r G w a l i o r , 1 9 8 3 / 8 4 .
L i n e / C u l t i v a r
D a y s t o 5 0 %
f l o w e r i n g
100 seed m a s s
(g)
Seed y i e l d
( k g h a
- 1
)
l C C X 7 9 0 0 6 8 - 2 9 P - 1 P - 1 P - B T - B H
l C C X 7 6 1 8 8 9 - B H - B H - 5 H - B H
I C C X 7 5 2 3 0 6 - 2 P - 1 P - B P - 1 H - B H
C o n t r o l
H 2 0 8
6 9
76
8 0
72
13.7
10 .6
12 .7
11 .4
1 6 7 0
1 6 8 0
1 6 0 0
1 5 7 0
SE + 1.6 + 0 . 3 6 + 135
I C C X 7 5 2 2 4 3 - 4 H - 2 H - B H - 2 H - B H
C o n t r o l
H 2 0 8
87
76
13.4
12.7
1 1 8 0
4 1 0
SE + 2 . 0 + 0 . 9 7 + 164
I C C X 7 5 0 7 3 6 - 1 5 H - B P - 1 P - B H
I C C X 7 6 0 0 6 8 - 1 0 P - 1 P - 2 P - B T - B H
C o n t r o l
H 2 0 8
84
8 0
73
12 .1
14.7
12.5
1 5 5 0
1 6 5 0
1 2 7 0
S E + 2 . 0 + 1.45 + 1 5 4
I C C X 7 8 0 2 1 5 - 6 7 T - 2 P - 1 P - B P
I C C X 7 8 0 2 1 5 - 6 7 T - 1 P - 1 P - B P
C o n t r o l
H 2 0 8
72
76
73
12.1
11.3
12.6
1 4 4 0
1 3 1 0
6 7 0
SE + 1.6 + 0 . 9 3 + 145
I C C X 7 5 0 9 5 4 - 2 H - B P - 1 P - 2 H - B P
I C C X 7 5 0 7 4 4 - 1 3 H - B H - 1 P - 2 H - B H
C o n t r o l
H 2 0 8
9 6
8 4
77
16.5
13.5
13.8
1 6 0 0
1 4 6 0
8 3 0
S E + 1.3 + 0 . 5 1 + 199
showed p o t e n t i a l resistance to b o t h Heliothis 
and w i l t , three showed < 1 0 % m o r t a l i t y f r o m
w i l t a n d r o o t ro ts . E leven k a b u l i l ines were res-
is tan t t o w i l t and r o o t ro ts .
Ascochyta Blight (Ascochyta rabiei) 
We c o n t i n u e d screening f o r resistance to asco-
chy ta b l i gh t in i so la t i on p lan t p ropaga to rs in a 
greenhouse a t I C R I S A T Center , and f o u n d the
29 l ines repor ted resistant a t I C A R D A to be
suscept ib le. F u r t h e r , a l l ch ickpea accessions
w i t h resistance to the o ther diseases tested were
also suscept ib le t o ascochyta b l i gh t . W o r k on
th is disease by o u r scientists a t I C A R D A is
repor ted elsewhere in th is repo r t .
Breeding for resistance. We made 18 crosses
between ascochyta-res is tant parents and l o n g -
d u r a t i o n cu l t i va rs . Seventeen F 2 p o p u l a t i o n s
f r o m ear l ier crosses were screened by I C A R D A
i n Sy r ia a n d 1 3 p o p u l a t i o n s i n the j o i n t H A U /
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I C R I S A T ascochyta b l i gh t screening nursery a t
H i s a r i n I n d i a . F2s and more -advanced genera-
t i o n progenies were also screened and advanced
a t H A U , P u n j a b A g r i c u l t u r a l Un i ve r s i t y ( P A U ) ,
and H i m a c h a l Pradesh A g r i c u l t u r a l U n i v e r s i t y
in n o r t h e r n I n d i a . Resistant p lan ts were selected
a t a l l l oca t ions and advanced to the nex t
genera t i on .
Botrytis Gray M o l d (Botrytis cinerea) 
We c o n t i n u e d to screen g e r m p l a s m accessions
w i t h k n o w n resistance to o the r diseases in i so la -
t i o n p lan t p r o p a g a t o r s , bu t d i d no t f i n d any tha t
were resistant . We have iden t i f i ed 28 l ines w i t h
mode ra te resistance t o bo t r y t i s g ray m o l d
t h r o u g h l a b o r a t o r y screening a t I C R I S A T C e n -
ter d u r i n g the last 2 years. Of these, the 16 ( I C C
121, 1069, 1084, 1093, 1102, 2165, 3540, 4014,
4055, 4063, 4065, 4074, 4075, 6 6 7 1 , 8383, and
I C C L 80004) tha t were screened in the bo t r y t i s
g ray m o l d nursery a t Pan tnaga r ( U t t a r Pradesh,
Ind ia ) were f o u n d f ie ld- res is tant .
We c o n t i n u e d to screen ch ickpea accessions
and breed ing ma te r i a l f o r resistance to b o t r y t i s
gray m o l d i n the nursery raised in c o l l a b o r a t i o n
w i t h scientists a t the G .B . Pan t U n i v e r s i t y o f
A g r i c u l t u r e and T e c h n o l o g y a t Pan tnagar . O f
the 2000 accessions screened, 159 were resistant
and w i l l be retested d u r i n g the nex t season at
Pan tnagar , and also in i so la t i on p lan t p r o p a g a -
tors a t I C R I S A T Center .
Breeding for resistance. We screened 30 F 2 , 56
F 3 , a n d 41 F 4 p o p u l a t i o n s o f ear l ie r crosses
between bot ry t i s - res is tan t l ines and adap ted c u l -
t i vars . We selected 43 F 3 , and 37 F 4 bu l ks f o r
y ie ld eva lua t i on a n d s ing le-p lant se lect ion.
Stunt (Pea Leaf -Roi l Virus)
D u r i n g the 1983/84 season, we observed a h i g h
inc idence ( > 3 0 % ) o f ch ickpea s tunt i n fa rmers '
f ie lds i n n o r t h e r n and western I n d i a . I n o u r o p i n -
i o n th is represents an a l a r m i n g increase in the
inc idence of a disease tha t has u n t i l n o w been
cons idered e c o n o m i c a l l y u n i m p o r t a n t . T h i s
increase was also ref lected in the s tunt nursery at
H i s a r where inc idence in the suscept ib le con t ro l s
averaged 8 4 % ( range 61 to 100%).
Of the 339 new ge rmp lasm accessions tested
f o r s tun t resistance, o n l y one ( I C C 1556)
rema ined free f r o m s tun t , f i ve ( I C C 114, 959 ,
1165, 1187, a n d 1592) showed < 1 0 % , 14 showed
< 2 0 % , and the r e m a i n i n g 319 showed > 2 0 %
stunt . O n l y one ( I L C 183) o f the 35 accessions
w i t h mode ra te resistance to ascochy ta b l i g h t
showed < 2 0 % s tun t ; the rema inde r were m o d e r -
a te ly to h i gh l y suscept ib le. Of the 15 accessions
w i t h modera te resistance to ascochyta b l i g h t and
bo t r y t i s g ray m o l d , o n l y one ( I C C 8383) showed
< 1 0 % stunt . O f the 144 accessions/ l ines w i t h
resistance to w i l t , one ( I C C 10466) rema ined free
f r o m s tun t , three ( I C C 3354, I C C L 81014, and
I C C L 81254) showed < 1 0 % , and n ine showed
< 2 0 % s tun t ; a l l the r e m a i n i n g 131 were h i g h l y
suscept ib le. Of the 97 entr ies in the I n t e r n a t i o n a l
Ch i ckpea T r i a l s , t w o ( I C C L 83406 and I C C L
83428) rema ined free f r o m s tun t and one ( I C C L
82403) showed < 1 0 % s tun t . A l l the entr ies s h o w -
i n g < 2 0 % stunt w i l l b e retested d u r i n g the c o m -
i ng season.
Breeding for resistance. We screened 222 F3
and 156 F 4 to F 6 p r o g e n i e s / b u l k s in the s tun t
nursery at H isa r and selected 166 single p lan ts .
Twen t y - t h ree o f the mos t p r o m i s i n g l ines were
b u l k e d f o r tes t ing in rep l ica ted t r ia ls nex t year.
Nematode Diseases
Survey of chickpea fields at I C R I S A T Cen-
ter. We invest igated f ive V e r t i s o l f ie lds a t
I C R I S A T Cente r f o r the presence o f p lan t p a r a -
sit ic nematodes, and f o u n d cyst (Heterodera
cajani and Heterodera sp), lance (Hoplolaimus 
seinhorsti), les ion (Pratylenchus sp), r e n i f o r m
(Rotylenchulus reniformis), sp i ra l (Hel i co ty len-
chus indicus and H. retusus), a n d s tunt (Tylen-
chorhynchus sp) nematodes. These genera are
p r o v e n pathogens o f va r ious crops and can cause
cons iderab le y ie ld losses. In Ve r t i so l f ie lds a r t i f i -
c ia l l y infested w i t h F. oxysporum f .sp c iceri ,
where ch ickpeas had been g r o w n in the pos -
t r a i n y season f o r the past 5 years, bu t w h i c h had
been f a l l o w in the ra i ny season f o r the past 10
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years, nematode p o p u l a t i o n s were l o w , except
f o r an un iden t i f i ed species of Heterodera. N e m a -
tode popu la t i ons were h ighest in f ie lds in w h i c h
s o r g h u m and va r ious o ther c rops had been
g r o w n d u r i n g the past 5 years. T h e un iden t i f i ed
cyst nematode f o u n d on one Ve r t i so l f ie ld is
d i f fe ren t f r o m those p rev ious ly repor ted on
ch ickpeas, and e f fo r ts to i den t i f y the species are
in progress.
Mul t ip le disease resistance. I d e n t i f i c a t i o n of
sources of m u l t i p l e disease resistance has been
one o f the object ives o f ch ickpea p a t h o l o g y a t
I C R I S A T . F o r three seasons n o w , l ines we have
iden t i f i ed as resistant to w i l t (F. oxysporum) and
r o o t ro ts (R. bataticola, R. solani, S. rolfsii, and
F. solani) have been screened against ascochyta
b l i g h t , b o t r y t i s g ray m o l d , c o l l e t o t r i c h u m b l i gh t ,
and s tunt . T a b l e 3 shows the progress in the
i d e n t i f i c a t i o n o f m u l t i p l e disease resistance in
the 1983/84 season.
Cooperative Disease Nurseries
I n t e r n a t i o n a l Ch ickpea R o o t R o t s / W i l t
Nursery ( I C R R W N ) . T h e 75 entr ies in the
1982/83 I C R R W N were sent to 25 loca t ions in
18 coun t r ies . Resul ts are repor ted in Pulse
P a t h o l o g y Progress Repo r t N o . 33, copies o f
w h i c h , a l o n g w i t h o ther p rog ram- leve l p u b l i c a -
t i ons , are ob ta inab le f r o m the Pulses I m p r o v e -
men t P r o g r a m , I C R I S A T .
Internat ional Chickpea Stunt Disease Nursery
( I C S D N ) . T h e 20 entr ies in the 1983/84
I C S D N were sent t o ten loca t ions i n s ix c o u n -
t r ies. Resul ts are repor ted in Pulse P a t h o l o g y
Progress R e p o r t N o . 38,
T a b l e 3 . M u l t i p l e - d i s e a s e resistant l ines o f chickpea up to 1 9 8 3 / 8 4 season.
L i n e s w i t h c o m b i n e d r e s i s t a n c e / t o l e r a n c e t o : L i n e n u m b e r
T h r e e diseases
W i l t , d r y r o o t r o t , a n d b l a c k r o o t r o t I C C 1 2 2 3 7 , 1 2 2 6 9
W i l t , d r y r o o t r o t , a n d s t u n t I C C 1 0 4 6 6
T w o diseases
W i l t a n d d r y r o o t r o t I C C 9 2 5 , 1 1 3 1 5 , 1 2 2 4 1 , 1 2 2 5 7 , 1 2 2 6 8 , 1 2 2 7 0 ,
1 2 2 7 1 , 1 2 2 7 3 , 1 2 4 2 8 K
1
, 1 2 4 3 0 K , 1 2 4 3 5 K
2
,
1 2 4 3 7 , 1 2 4 4 4 , 1 2 4 5 0 , 1 2 4 5 4 , 1 2 4 6 0 , 1 2 4 6 7 ,
1 2 4 7 2
W i l t a n d b l a c k r o o t r o t I C C 1 1 3 1 3 , 1 1 3 1 6 , 1 1 3 1 7 , 1 1 3 2 0 , 1 1 3 2 4 , 1 2 2 3 6 ,
1 2 2 3 7 , 1 2 2 3 9 , 1 2 2 4 2 , 1 2 2 4 5 , 1 2 2 4 9 , 1 2 2 5 5 ,
1 2 2 5 6 , 1 2 2 5 8 , 1 2 2 5 9 , 1 2 2 6 9 , 1 2 2 7 4 , 1 2 2 7 5
W i l t a n d b o t r y t i s g r a y m o l d
3
I C C 1 1 3 2 1
3
 I C C L 8 0 0 0 4
W i l t a n d s t u n t I C C 3 3 5 4
W i l t a n d a s c o c h y t a b l i g h t
3
I C C 3 9 3 5
W i l t a n d s c l e r o t i n i a s t e m b l i g h t
3
I C C 8 5 8 , 9 5 9 , 4 6 5 1 , 4 9 1 8 , 6 6 7 1 , 6 6 8 0 , 8 9 3 3 , 9 0 0 1
B o t r y t i s g r a y m o l d a n d a s c o c h y t a b l i g h t
3
I C C 1 0 6 9
A s c o c h y t a b l i g h t a n d s t u n t I C C 6 9 3
4
 l LC 183
B o t r y t i s g r a y m o l d a n d s t u n t I C C 8 3 8 3
D r y r o o t r o t a n d s t u n t I C C L 8 1 0 1 4
1.K = K a b u l i .
2 . R e s i s t a n t to t h e I C A R D A Ascochyta rabiei i s o l a t e .
3 . T o l e r a n t t o t h e H i s a r i s o l a t e .
4 . T o l e r a n t t o t h e I n d i a n A g r i c u l t u r a l R e s e a r c h I n s t i t u t e ( I A R I ) Ascochyta rabiei i s o l a t e .
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Wi l t and root rots. To i n c o r p o r a t e r o o t r o t
resistance i n t o A n n i g e r i , we screened 149 F 3 p r o -
genies in the m u l t i p l e soi lborne-disease screen-
ing nursery a t I C R I S A T Center and selected 215
single p lants f o r f u r t h e r screening.
Wi l t and ascochyta blight. We made 31 single
and 49 th ree-way crosses between w i l t and
ascochyta-res is tant parents , and adap ted desi
and k a b u l i cu l t i va rs .
N ine teen F2 , and t w o F 3 p o p u l a t i o n s o f ear l ier
crosses were screened in a w i l t - s i ck p l o t at I C R I -
S A T Center and the i r respect ive F 3 and F 4
s ing le-pod descent bu lks w i l l be screened in the
ascochyta b l i gh t nursery a t H A U , H isar .
Wil t and stunt. We crossed I C C C 10, a c u l t i v a r
f o u n d resistant t o s tunt and w i l t , w i t h the h i g h -
y ie ld ing n o r t h I n d i a n cu l t i va rs , Pant G 114, GL
769, GC 588, H 75-35, and G N G 146.
Ascochyta blight and stunt. We grew 10 F1s
f r o m crosses i n v o l v i n g ascochy ta- and w i l t -
resistant genotypes a t I C R I S A T Center and
screened 20 F 2 p o p u l a t i o n s in the s tun t nursery
at H isa r , where 242 single p lants were selected
f o r screening in the ascochyta b l i gh t nursery .
Ascochyta blight and botrytis gray mo ld . At
H isar , t w o rep l icated t r ia ls c o m p r i s i n g 69 F 3
bu lks were adversely af fected by sa l in i t y and w i l l
be repeated nex t year. Th i r t een F 4 bu l ks of
crosses, ear l ier f o u n d p r o m i s i n g under n a t u r a l
ascochyta and bo t r y t i s ep idemics were g r o w n a t
H isa r and 542 single p lants selected.
Ascochyta bl ight, wi l t , stunt, and botrytis gray
mold . We made ten crosses to c o m b i n e resis-
tance to a l l f o u r diseases and 15 to the f i rs t three
diseases l is ted.
w ide ly -encoun te red insect pest on ch ickpea
crops in a l l the areas we v is i ted , bu t its p o p u l a -
t ions were very va r iab le . M a n y f a rmers ' f ie lds
were v i r t u a l l y free f r o m in fes ta t ion wh i l e o thers
suf fered severe damage. I n sou the rn I n d i a , d a m -
ag ing in fes ta t ions occur red d u r i n g b o t h the
vegetat ive and p o d d i n g stages o f the c r o p . In
n o r t h e r n I n d i a th is pest was o f i m p o r t a n c e o n l y
d u r i n g the p o d d i n g stage. In genera l there were
fewer a t tacks on the c r o p i n 1983/84 t h a n i n
recent years.
In fes ta t ions of o ther insect pests were spo-
rad ic and loca l i zed . As in mos t years, there were
repor ts o f damage by the c u t w o r m s (Agrotis 
spp) f r o m l o w - l y i n g areas i n cen t ra l I n d i a . I n
some areas o f n o r t h e r n I nd i a there were u n u s u -
a l l y large invas ions of Aphis craccivora. 
Heliothis armigera was the o n l y insect pest
no t i ced on ch ickpeas d u r i n g a t o u r o f SoutheastHeliothis armigera was, as usua l , the mos t
Insect Pests
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Breeding For Mul t ip le Disease Resistance
Heliothis armigera at tacking chickpea. O u r surveys
showed this is the major pest in chickpea-growing
areas in Southeast Asia.
140 Chickpea 
A s i a n coun t r ies . I n the c h i c k p e a - g r o w i n g areas
a r o u n d the M e d i t e r r a n e a n , the leaf m i n e r , (Liri-
omyza cicerina), is usua l l y the mos t d a m a g i n g
insect pest, bu t i t appears rest r ic ted to E u r o p e
a n d western A s i a .
Heliothis armigera 
Host-plant resistance. A l t h o u g h the inc idence
o f th is pest was re la t ive ly l o w a t I C R I S A T C e n -
ter i n 1983 /84 , p a r t i c u l a r l y d u r i n g the p o d d i n g
stage o f ch ickpea , the open f ie ld hos t -p lan t re-
sistance t r ia ls were aga in very successful . O u r
resistant and suscept ib le select ions were c lear ly
d is t ingu ishab le d u r i n g b o t h the vegetat ive a n d
p o d d i n g stages.
Se lec t ion w o r k on ch ickpea has n o w entered a 
new phase. In the f i rs t few years, w o r k concen -
t ra ted on the ava i lab le g e r m p l a s m accessions
and we screened m o r e t h a n 12 500. Subsequen t l y
we c o n f i r m e d resistance of several select ions in a 
series of rep l ica ted tests over several seasons.
Some of these select ions have been successful ly
tested at several l oca t ions . These resistant geno -
types were passed on to breeders w h o made
crosses tha t were in tended to in tens i fy the a v a i l -
ab le resistance and to c o m b i n e i t w i t h o the r
useful t ra i t s . In 1983/84 the screening w o r k
swi tched a lmos t en t i re ly to the segregat ing p r o -
genies p roduced f r o m the crosses. In a d d i t i o n ,
a l l advanced genotypes f r o m the breed ing and
p a t h o l o g y s u b p r o g r a m s are be ing screened in
the pest ic ide-free area a t I C R I S A T Cente r to
ensure tha t I C R I S A T does no t u n w i t t i n g l y pass
on any genotypes tha t are h i gh l y suscept ib le to
insect pests.
T h e search f o r resistance to H. armigera has
been mos t successful i n s h o r t - d u r a t i o n geno-
types tha t are we l l adap ted to sou the rn I n d i a .
T h e l o n g e r - d u r a t i o n genotypes t ha t t h r i v e i n
n o r t h e r n I n d i a d o no t y ie ld we l l a t I C R I S A T
Center , even t h o u g h they suf fer l i t t l e p o d d a m -
age. Th i s is because H. armigera p o p u l a t i o n s are
genera l ly l o w i n late F e b r u a r y w h e n such geno -
types f o r m pods. Consequen t l y the screening o f
l o n g - d u r a t i o n ch ickpeas has no t been very suc-
cessful a t I C R I S A T Center . A t t e m p t s t o screen
f o r resistance at H i s a r have been t h w a r t e d by a 
series of c r o p fa i lu res , caused by diseases,
weather , and sa l in i ty . H o w e v e r , some l o n g -
d u r a t i o n genotypes, o r i g i n a l l y selected a t I C R I -
S A T Center , i n c l u d i n g I C C 10243, were f o u n d
to re ta in the i r resistance and y ie ld we l l i n t r ia ls a t
H i s a r i n the 1983/84 c r o p p i n g season.
Breeding for resistance. We c o n t i n u e d screen-
ing m a t e r i a l against Heliothis b o t h a t I C R I S A T
Center and a t H isa r . We made 67 crosses i n v o l v -
i n g new sources o f resistance w i t h the establ ished
shor t - , m e d i u m - , and l o n g - d u r a t i o n desi and
k a b u l i cu l t i va rs , and also a m o n g the c o n f i r m e d
resistant l ines to accumu la te resistance genes.
These crosses inc luded t w o d ia l le l series, one
each of desi and k a b u l i types in a d d i t i o n to a l ine
x tester f o r the kabu l i s . We also made 13 crosses
to i n c o r p o r a t e w i l t resistance i n t o the Heliothis-
resistant l ines.
T h e t w o F, d ia l l e l studies of 5 x 5 a n d 4 x 4 
a m o n g adap ted , borer - res is tan t , and suscept ib le
desi parents o f shor t d u r a t i o n c o n f i r m e d aga in
tha t v a r i a t i o n f o r bo re r damage was p r e d o m i -
n a n t l y add i t i ve . H o w e v e r , in the 5 x 5 k a b u l i
d ia l le l s tudy , n o n a d d i t i v e gene effects seemed to
be m o r e i m p o r t a n t .
We screened 28 F2 and 6 F3 p o p u l a t i o n s , and
1542 sho r t - to m e d i u m - d u r a t i o n F 3 to F 6 p r o g e n -
ies in the pest ic ide-f ree area a t I C R I S A T Center .
A t o t a l o f 978 F 4 to F 6 l o n g - d u r a t i o n progenies
were g r o w n under s im i l a r c o n d i t i o n s a t H i sa r .
We selected 1340 single p lants a n d i n d i v i d u a l l y
b u l k e d 37 super io r progenies a t I C R I S A T C e n -
ter , and also selected 1056 p lan ts and 46 p r o g e n -
ies at H isa r . Since mos t of the Heliothis-resistant 
l ines are suscept ib le to Fusarium oxysporum f.
sp c iceri , we screened one set each of F3 and F4
progenies i n the w i l t - s i ck p l o t a t I C R I S A T Cen-
ter and o n l y F 4 progenies a t H isa r . M o s t o f these
succumbed to w i l t b u t we selected 150 p lan ts
f r o m the 105 su r v i v i ng progenies a t I C R I S A T
Center , and 140 p lan ts f r o m 92 progenies a t
H isa r .
T h e sho r t - and m e d i u m - d u r a t i o n l ines b u l k e d
a t I C R I S A T Center were tested f o r y ie ld p e r f o r -
mance in the pest ic ide-f ree area. T h e i r y ie lds and
Heliothis damage percentages were c o m p a r e d
w i t h resistant a n d s tandard con t ro l s . T w o sho r t -
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d u r a t i o n l ines gave h igher y ie lds t h a n I C C 506,
the h ighes t -y ie ld ing resistant c o n t r o l . These l ines
were also less damaged by Heliothis. In the
m e d i u m - d u r a t i o n t r i a l t w o l ines also ou ty ie lded
K 850, the s tandard c o n t r o l , and showed sub-
s tan t ia l l y less Heliothis damage. T h e resistant
c o n t r o l 7341 -8 -1B-BP-EB had l o w damage bu t
y ie lded p o o r l y . Th is was the f i rs t such t r i a l con -
duc ted on l ines f r o m the resistance b reed ing p r o -
g r a m . T h e s ign i f i can t pos i t i ve co r re la t i ons i n
damage between the F 4 and F 5 generat ions tested
in the t w o consecut ive c r o p years, 1982/83 and
1983/84 , have f u r t h e r c o n f i r m e d the d e p e n d a b i l -
i t y o f o u r select ion a p p r o a c h .
Mechanisms of resistance. We c o n t i n u e d c o l -
l abo ra t i ve studies w i t h the M a x - P l a n c k Ins t i tu te
f o r B iochemis t r y i n M u n i c h , Federa l Repub l i c
o f G e r m a n y . Tests in th is year showed leaf e x u -
dates o f p lants g r o w n a t I C R I S A T Center were
genera l ly f o u r t imes m o r e ac id ic t h a n those o f
the same genotypes g r o w n a t H isa r . H o w e v e r ,
the exudate ac id i t y o f each genotype g r o w n a t
b o t h loca t ions was h igh l y co r re la ted . T h e p re -
v ious observa t ion tha t resistant cu l t i va rs tend to
have m o r e ac id exudates was genera l ly c o n -
f i r m e d , but there were several except ions , so we
suspect tha t o the r mechanisms are also i nvo l ved
in resistance. F ie ld and l a b o r a t o r y studies c o n -
f i r m e d tha t there is a m a r k e d preference by the
mo ths to lay the i r eggs on suscept ible genotypes,
b o t h d u r i n g the vegetat ive and p o d d i n g stages.
There also appeared to be a preference f o r the
pods of a suscept ib le genotype w h e n these and
pods f r o m a resistant genotype were o f fe red to
larvae i n l a b o r a t o r y tests. W o r k on the c h e m i -
cals i nvo l ved in ch ickpea resistance to Heliothis 
has been in tens i f ied at the M a x - P l a n c k Ins t i t u te .
In a f ie ld expe r imen t , a l l la rvae were removed
f r o m a l te rnate p lants and a l ternate rows f o l l o w -
i ng counts a t the end of each week. In these
counts there were no consistent d i f ferences
between the numbers o f large larvae f o u n d on
the p lants and rows f r o m w h i c h the larvae had
been removed 7 days ear l ier , and those on w h i c h
the larvae had been left u n d i s t u r b e d . Th is was
good evidence tha t there was cons iderab le m o v e -
ment o f larvae f r o m p lan t t o p l an t , a n d f r o m r o w
to r o w . Th i s is o f i m p o r t a n c e in deve lop ing a 
m e t h o d o l o g y to screen single p lan ts f r o m segre-
ga t i ng popu la t i ons f o r resistance, p a r t i c u l a r l y
where o v i p o s i t i o n nonpre ference is i n v o l v e d .
Aphis craccivora 
Th is aph id species has been de te rm ined as the
m a j o r vector o f pea leaf r o l l v i rus t ha t causes
stunt disease in ch ickpea. The disease has been
recorded n o t on l y i n I n d i a , bu t also i n mos t o ther
count r ies where ch ickpea is an i m p o r t a n t c r o p .
Th i s year there was an unusua l l y severe i n c i -
dence o f s tun t disease a t H isa r . I C R I S A T en to -
mo log is ts and pa tho log is ts i n i t i a ted a j o i n t s tudy
of th is disease and its vec tor there. S t i cky and
water t raps , developed f o l l o w i n g adv ice f r o m the
Un ive rs i t y o f I l l i no i s , were placed in s tun t -
susceptible ch ickpea p lo ts su r rounded by , and
interspersed w i t h , a va r ie ty o f o the r legumes
k n o w n to act as A. craccivora hosts. T r a p
catches showed tha t there were a p h i d d ispersal
f l i gh ts f r o m ear ly N o v e m b e r , b u t w i t h a large
peak in ear ly December ( F i g . 1). F r o m late
December to m i d - M a r c h very few aph ids were
caught in the t raps bu t there was ano the r peak o f
catches a t the end o f M a r c h . Observa t ions on the
legumes ind ica ted tha t cowpea (Vigna unguicu-
lata) was the m a j o r host f o r this a p h i d . M u n g
bean (Vigna radiata), u r d bean (Vigna m u n g o ) ,
and l en t i l (Lens culinaris) also sustained large
popu la t i ons o f the insect. A p h i d s were f o u n d on
some ch ickpea p lants f r o m the seedl ing stage in
ear ly N o v e m b e r , and by the end o f tha t m o n t h
a lmos t a l l the p lants tha t we exam ined were
infested. S tun t disease s y m p t o m s were no t i ced in
a few p lants in ear ly N o v e m b e r and there was a 
steady increase u n t i l M a r c h , when 9 0 % o f the
p lants showed s y m p t o m s .
Integrated Pest Management
In a series o f t r ia ls a t I C R I S A T Center th is year
ch ickpea y ie ld increases resu l t ing f r o m insect i -
c ide (endosu l fan) use ranged f r o m 14 to 18%.
These increases were less t h a n those recorded in
mos t prev ious years, re f lec t ing the re la t ive ly l o w
in festa t ions of H. armigera on the c rop th is year.
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O n the s h o r t - d u r a t i o n cu l t i va rs , mos t o f the
y ie ld increase was associated w i t h insect ic ide
app l i ed d u r i n g the p o d d i n g stage. I n the longer -
d u r a t i o n cu l t i va rs , insect ic ida l p r o t e c t i o n d u r i n g
the vegetat ive stage was mos t p r o d u c t i v e as pest
p o p u l a t i o n s were l o w when crops o f th is d u r a -
t i o n were p o d d i n g .
A t t e m p t s t o est imate the economic t h resho ld
levels of H. armigera larvae by re leasing k n o w n
numbers o f larvae on each p lan t in caged test
rows demons t ra ted the d i f f i cu l t ies encoun te red
in such exper imen ts . O n l y a few of the larvae
placed on each p lan t cou ld be f o u n d 2 weeks
later . W i t h i n one week o f p l ac ing twe lve 3-day
o l d larvae on each p l an t , 8 4 % had d isappeared .
Greater success was achieved w h e n 7-day o l d
larvae were p laced on the p lan ts , as up to 7 0 % of
these cou ld be f o u n d a week later. We f o u n d no
s ign i f i can t d i f ferences in percentage p o d damage
or in y ie ld loss a m o n g the t rea tments in w h i c h a 
range o f t w o to twe lve larvae were p laced on
each p l an t . T h e percentage o f pods damaged on
these a r t i f i c ia l l y - in fes ted p lan ts ranged f r o m 15
to 2 6 % and the y ie ld losses, w h e n c o m p a r e d w i t h
pest-free p lan ts , ranged f r o m 0 to 2 4 % . I t is
essential tha t we deve lop a m e t h o d o l o g y to
de te rm ine economic th resho ld levels, i f insec t i -
cides are to be in te l l i gen t l y used as par t of a pest
managemen t package f o r th is c r o p .
Studies o f the n a t u r a l enemies showed re la-
t i ve ly l o w levels of pa ras i t i sm in the H. armigera 
larvae col lected f r o m ch ickpea a t I C R I S A T
Center th is year. Campoletis ehlorideae was the
mos t c o m m o n paras i te , be ing recorded f r o m
10.5% o f the smal l larvae co l lec ted . D i p t e r a n
parasi tes, m a i n l y Carcelia illota, emerged f r o m
5% of the large larvae. Observa t ions c o n f i r m e d
tha t the p r o p o r t i o n o f green larvae su r v i v i ng on
green p lants were s ign i f i can t l y greater t h a n those
su rv i v i ng on red-co lo red ch ickpeas. Prev ious
t r ia ls have s h o w n tha t p reda to rs , p a r t i c u l a r l y
b i rds , can subs tan t ia l l y reduce the p o p u l a t i o n s
o f large larvae o n ch ickpea ( I C R I S A T A n n u a l
R e p o r t 1983, p. 129). Green larvae feed ing on
green p lants appear to have a selective advantage
in be ing less v is ib le to p reda to rs .
B i o l o g i c a l N i t r o g e n F i x a t i o n
Rhizobium Collection
T h e I C R I S A T co l l ec t i on con t i nued to be a 
source o f st ra ins f o r i nocu lan t manu fac tu re rs
and research wo rke rs in I n d i a and elsewhere,
A p h i d s c o u g h t i n t r a p s
A p h i d s I n c i d e n c e i n p l a n t s (Z)
S t u n t - d i s e a s e d p l a n t s ( % )
Figure 1. W e e k l y t rap catches of aphids (Aphis craccivora), aphid incidence ( % ) , and stunt disease progression in
chickpea crops at Misar. 1 9 8 3 / 8 4 .
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and we despatched 284 un i ts of Rhizobium 
strains as peat i nocu lan ts or agar slopes.
Nitrogen F ixat ion
I n c o l l a b o r a t i o n w i t h R o t h a m s t e d E x p e r i m e n t a l
S t a t i o n , U K , and the Reg iona l A g r i c u l t u r a l
Research S t a t i o n o f J a w a h a r l a l N e h r u K r i s h i
V i s h w a V idya laya a t M o r e n a , M a d h y a Pradesh,
I n d i a , we car r ied ou t a
1 5
N t r i a l to est imate the
c o n t r i b u t i o n o f b i o log i ca l n i t r ogen f i x a t i o n t o
the t o t a l N harvested by the ch ickpea c r o p . An
i n o c u l a t e d , h i g h - n o d u l a t i n g ch ickpea cu l t i va r ,
K 850, was used as the test p l a n t and bar ley ,
l inseed, a n d a n o n i n o c u l a t e d l o w - n o d u l a t i n g
ch ickpea , G 130, were n o n f i x i n g c o n t r o l c rops .
T h e nat ive ch ickpea Rhizobium p o p u l a t i o n in
the so i l was < 1 0 0 g
- 1
 so i l . W e app l i ed
1 5
N -
label led a m m o n i u m su lphate a t the rate o f
5 . 9 9 1 % N a t o m excess (a.e.) to the test c r o p and
1.986% N a.e. to the c o n t r o l c rops on 4.5 m
2
 in
the center of each 135 m
2
 p l o t . We used the 'A '
va lue m e t h o d to ca lcu la te the a m o u n t o f N f i x e d
by the test c r o p . N o d u l e n u m b e r , n o d u l e we igh t ,
and n i t r ogen f i x a t i o n by K 850 at 58 days a f ter
sow ing ( D A S ) was s ign i f i can t l y super io r to G 
130 (Tab le 4) . G r o w t h of G 130 was s l i gh t l y
bet ter t h a n t ha t o f K 850; th is was p r o b a b l y due
to its rece iv ing m o r e fe r t i l i ze r N .
T h e
1 5
N- la bel led p lo ts were harvested at 97
D A S . T h e non legumes p r o d u c e d m o r e d r y m a t -
ter , u t i l i zed fe r t i l i ze r N bet ter , bu t accumu la ted
less t o t a l N t han the t w o ch ickpea cu l t i va rs
(Tab le 5). W h e n used as n o n f i x i n g con t ro l s , ba r -
ley and l inseed gave s im i l a r est imates f o r p r o p o r -
t i o n and a m o u n t o f N f i x e d by K 850 (Tab le 5).
T a b l e 4 . N o d u l a t i o n and N 2 - f i x a t i o n b y chickpea a t 5 8 D A S i n
1 5
N - t r i a l , M o r e n a , I n d i a , 1 9 8 2 / 8 3 .
C u l t i v a r
N o d u l e
n u m b e r
p l a n t
- 1
N o d u l e d r y
m a s s p l a n t
- 1
( m g )
N - f i x a t i o n
( µ M C 2 H 4
p l a n t
- 1
 h
- 1
)
S h o o t d r y
m a s s p l a n t
- 1
(g)
K 8 5 0 ( i n o c u l a t e d + 10 kg N h a
- 1
)
G 130 ( n o n i n o c u l a t e d + 50 kg N h a
- 1
)
S E
3 5
3
+ 2 . 4
8 7
16
+ 1 0 . 9
5.5
1.1
+ 1 . 1 2
8.5
9 .9
+ 0 . 6 6
H o w e v e r , as G 130 was ab le to f i x some N it
p roved to be unsu i tab le f o r use as a n o n f i x i n g
c o n t r o l .
Soil Moisture and Nodulat ion
We conduc ted a p o t s tudy on the effect o f seven
d i f fe ren t levels o f soi l mo i s tu re on n o d u l a t i o n i n
an A l f i s o l and a Ve r t i so l . W a t e r i n g on a l te rna te
days to achieve a g iven mo is tu re level was d o n e
by p o u r i n g requ i red a m o u n t s o f de ion ized
water , de te rm ined by we igh t , i n t o saucers p laced
be low pots . T h u s at each level we achieved a 
grad ien t o f mo is tu re f r o m the base o f each po t to
the seed surface. G e r m i n a t i o n was p o o r a t 12%
mo is tu re i n the A l f i s o l and very p o o r a t 15%,
2 0 % , and 2 5 % mo is tu re i n the V e r t i s o l , resu l t i ng
in o n l y 1-3 p lants per p o t in these t rea tmen ts
wh i l e mos t o the r pots had f o u r p lan ts per po t .
P lan ts were harvested 32 D A S . I n the A l f i s o l ,
nodu le n u m b e r and mass increased w i t h so i l
mo i s tu re con ten t , w i t h the largest increase
o c c u r r i n g a t the highest mo i s tu re level ( F i g . 2) .
In the Ve r t i so l , an increase in these parameters
occur red over the ent i re so i l m o i s t u r e range
e x a m i n e d . I t needs to be c o n f i r m e d as to whe the r
p o o r p l a n t s tand af fected these parameters .
Screening for Nodula t ion
and Ni trogen F ixa t ion
F r o m o u r f ie ld studies over several years and a t
d i f fe ren t l oca t ions we have iden t i f i ed ch ickpea
cu l t i va rs t ha t are cons is tent ly h i g h - o r l o w - n o d u -
la t i ng ( I C R 1 S A T A n n u a l R e p o r t 1980, p p . 134-
136). H o w e v e r , super io r n o d u l a t i o n does n o t
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Table 5. Total dry-matter yield and uptake of N and
15
N by chickpea, linseed, and barley at 97 D A S ,
Morena, India, 1982/83.
Treatment
To ta l
dry
mat ter
(kg ha- ' )
To ta l N 
uptake
(kg ha- ' )
A t o m
%
15
N
excess
Fert i l izer
recovery
(%)
K 850
N content
der ived f rom
fixation (%)'
N fixed 
by K 850
(kg ha- ' )
K 850
( inoculated + 10 kg N ha
- 1
)
2040 47 0.125 10 — —
G 130
(noninoculated + 50 kg N 
ha
-1
)
2790 66 0.285 21 42 19.7
Linseed (50 kg N ha
-1
) 3680 41 0.916 44 89 41.8
Barley (50 kg N ha
- 1
) 4960 36 0.809 35 87 40.9
SE +265 +5 +0.027 +2.5 — —
C V (%) 19 26 13 23 — —
1. Calculated w i th reference to the respective non f i x ing con t ro l crops.
Figure 2. N o d u l a t i o n of chickpea cult ivar K 850 at different soil -moisture levels in an Al f isol ( lef t ) and a Vert isol
( r ight ) , I C R I S A T Center , 1984.
necessari ly ref lect in greater d r y - m a t t e r p r o d u c -
t i o n o r g ra i n y ie ld . N o d u l a t i o n and n i t r o g e n -
f i x i n g a b i l i t y o f f ive l ines p rev ious ly k n o w n to
d i f fe r in these character is t ics were s tud ied in
sand cu l tu re us ing a n i t rogen- f ree n u t r i e n t so lu-
t i o n . Measurements were made a t 15, 3 0 , 4 5 , 60,
and 75 D A S . Tab le 6 shows measurements taken
at 45 D A S . K 850 had the highest and P C H 119
the lowest nodu le mass, w i t h the o ther l ines
in te rmed ia te . Th i s was ref lected in N con ten t
and concen t ra t i on in the who le shoot as we l l as
N concen t ra t ions in shoot t i p samples. N o d u l e
450
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75
0
12 14 16 18 20 22 24
S o i l m o i s t u r e (%)
Alfisol
S o i l m o i s t u r e (%)
V e r t i s o l )
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T a b l e 6 . N o d u l a t i o n , p lant g r o w t h , N up take , and % N i n p lant t issue o f f ive chickpea cul t ivars a t 4 5 D A S .
Greenhouse pot e x p e r i m e n t , I C R I S A T C e n t e r , 1 9 8 3 / 8 4 .
N o d u l e S h o o t G r o w i n g
mass d r y m a s s N u p t a k e S h o o t leaves
N o d u l e s p l a n t
- 1
p l a n t
- 1 p l a n t
- 1
N c o n t e n t N c o n t e n t
C u l t i v a r p l a n t -
1
( m g ) ( m g ) ( m g ) (%) (%)
P C H 119 2 9 5 6 8 3 0 2 4 2 . 5 6 5 .72
A n n i g e r i 4 7 9 0 8 1 0 2 8 2 . 9 7 6 . 0 1
G 1 3 0 2 4 9 9 8 3 0 3 0 3 . 2 0 6 . 7 7
P 3 1 9 - 1 5 0 8 7 7 0 0 2 6 3 .39 6 . 8 0
K 8 5 0 54 136 1 0 4 0 39 3 . 5 6 6 . 7 5
S E + 4 . 6 + 9 . 6 + 7 4 + 2 . 6 + 0 . 1 4 7 + 0 . 1 3 4
mass was pos i t i ve ly cor re la ted w i t h shoo t mass
( r = 0 . 5 1 , P < 0 . 0 1 ) , acetylene r e d u c t i o n ac t i v i t y
( r = 0 . 3 9 , P < 0 . 0 1 ) , t o t a l shoot N ( r = 0 . 7 1 ,
P<0.01), and N percentage in g r o w i n g leaves
( r = 0 . 5 5 , P<0.01). M e a s u r i n g the N concen t ra -
t i o n in g r o w i n g leaves is a po ten t i a l l y useful
nondes t ruc t i ve m e t h o d o f es t ima t ing N f i x a t i o n .
I t cou ld be used in screening segregat ing
popu la t i ons .
b o t h t r ia ls . L o c a t i o n x cu l t i va r in te rac t ions were
s ign i f i can t ( P < 0 . 0 5 ) f o r c o o k i n g t i m e , wate r
a b s o r p t i o n , and the a m o u n t o f sol ids dispersed
f o r t he s h o r t - d u r a t i o n ma te r i a l . T h e i n te rac t i on
was also s ign i f i cant ( P < 0 . 0 5 ) f o r c o o k i n g t i m e
f o r l o n g - d u r a t i o n ma te r i a l .
La rge di f ferences in the seed size and chemica l
const i tuents of these genotypes were also
observed when they were g r o w n a t d i f f e ren t
loca t ions . L o c a t i o n effects were s ign i f i can t f o r
100-seed mass, p r o t e i n , sugar, s ta rch , ash , and
fat in the case of l o n g - d u r a t i o n desi genotypes.
The average p ro te i n con ten t o f genotypes was
2 6 . 7 % f r o m G w a l i o r and 23 .0% f r o m H isa r . T h e
average 100-seed mass was h igher at G w a l i o r
t h a n a t H isa r , b u t h igher values f o r fa t a n d
starch con ten t were observed in samples f r o m
Hisar .
G r a i n a n d F o o d Q u a l i t y
C o o k i n g Q u a l i t y
We s tud ied the effect o f geograph ica l loca t ions
o n c o o k i n g q u a l i t y o f ch ickpea . Th i r t een geno-
types (des i , l o n g - d u r a t i o n ) o f the I n t e r n a t i o n a l
Ch ickpea Coopera t i ve T r i a l ( I C C T ) g r o w n a t
H isa r and G w a l i o r and 11 genotypes (desi , sho r t -
d u r a t i o n ) o f a s im i la r t r i a l g r o w n a t D e r o l and
I C R I S A T Center d u r i n g the 1982/83 c r o p p i n g
season were examined f o r the i r c o o k i n g qua l i t y .
C o o k i n g t i m e , wate r a b s o r p t i o n , and the
a m o u n t o f sol ids dispersed in the c o o k i n g water
were de te rm ined in d h a l samples (decor t i ca ted ,
d r y , sp l i t co ty ledons) o f these cu l t i va rs . D h a l
was p repared by soak ing the w h o l e seed in water
a t 5 ° C ove rn igh t and then m a n u a l l y r e m o v i n g
the seed coat . We observed s ign i f i can t d i f f e ren -
ces in the c o o k i n g t ime o f these cu l t i va rs . C o o k -
i ng t ime , and the a m o u n t s o f sol ids dispersed
showed s ign i f i can t di f ferences due to l o c a t i o n in
Protein Quality
Resul ts of p r o t e i n analyses and seed size mea -
surements of 95 l ines g r o w n in the last 3 seasons
a t I C R I S A T Center are summar i zed i n Tab le 7 .
T h e average p r o t e i n con ten t o f these l ines was
18.4% in 1 9 8 1 , 2 0 . 5 % i n 1982, and 13.0% in 1983,
whereas the average 100-seed mass was 14.5 g in
1981, 17.8 g i n 1982, and 13.4 g i n 1983. T h e
p r o t e i n con ten t was lowest in the 1983 c r o p ,
rang ing between 11.0 and 22.3%. I n d i v i d u a l da ta
f o r some o f the c o n t r o l entr ies are s h o w n in
Tab le 8 to demons t ra te the m a g n i t u d e of d i f fe r -
ences in p ro te i n con ten t o f these cu l t i va rs . The re
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T a b l e 7 . Ranges and means o f days t o 5 0 % f l o w e r i n g , 100-seed mass ( g ) , and seed p ro te in content
( % ) o f 9 5 chickpea cu l t ivars , I C R I S A T C e n t e r , 1 9 8 1 - 8 3 .
D a y s t o 5 0 % f l o w e r i n g 100-seed mass (g) Seed p r o t e i n (%)
1 9 8 1 1982 1983 1981 1982 1983 1981 1 9 8 2 1983
R a n g e 4 9 - 8 8 5 1 - 1 1 7 5 6 - 6 6
M e a n 6 6 . 8 7 4 . 6 6 2 . 2
S D
7 . 9 - 3 2 . 8 1 1 . 1 - 3 7 . 7 7 . 0 - 2 8 . 5
14.5 17 .9 13 .4
1 4 . 9 - 2 7 . 7 1 7 . 1 - 2 8 . 2 1 0 . 5 - 2 2 . 3
18 .4 2 0 . 6 13 .0
T a b l e 8 . D a y s t o 5 0 % f l o w e r i n g , 100-seed mass ( g ) , and seed pro te in content ( % ) o f selected chickpea
contro l cult ivars included in T a b l e 7 .
D a y s t o 5 0 % 100-seed mass Seed p r o t e i n
f l o w e r i n g (g) (%)
Ent ry 1981 1982 1983 1981 1982 1983 1981 1982 1983
G 130 73 8 4 6 5 11.3 13 .4 10.5 18 .2 19 .0 12.8
L 5 5 0 64 67 63 19.4 2 2 . 7 16.5 16.1 19 .0 12 .2
G L 6 5 1 74 106 6 4 15.0 17.6 13.5 19.7 2 3 . 4 14.9
A N M 7 7 2 59 6 0 59 11.6 14.1 10.8 18.9 2 0 . 0 13.5
T 1 A 6 4 67 61 8.4 11.6 7.2 2 7 . 7 2 8 . 2 2 2 . 3
T 3 74 87 65 15.8 2 0 . 9 15 .0 16.4 2 0 . 8 11.5
A n n i g e r i 53 51 58 19.7 2 2 . 9 18.2 16.1 18 .4 10.5
H 2 0 8 65 85 6 4 10.2 13 .4 13 .7 17.6 2 0 . 1 12.9
P a n t G 114 73 72 63 10.3 12.7 9 . 0 17.8 18.8 12.7
C P S 1 6 ! 67 58 14.9 18.0 14.1 17.3 18 .0 12.2
M e a n 6 6 74 62 13.7 16.7 12 .9 18.6 2 0 . 6 13.5
was no s ign i f i can t c o r r e l a t i o n (r = -0.17) between
seed mass and p r o t e i n con ten t in 1983. Ana lys is
o f e lect r ica l c o n d u c t i v i t y i n soi l samples f r o m the
f ie ld d i d no t ind ica te soi l sa l in i ty . H o w e v e r , one
possible e x p l a n a t i o n f o r the observed l ower p r o -
te in values m i g h t be the late s o w i n g of these
cu l t i va rs in 1983. Th i s resul ted in fewer days to
5 0 % f l o w e r i n g i n 1983 (Tab le 7). S o w i n g t ime
a n d rate o f m a t u r a t i o n effects w i l l be s tud ied
m o r e c r i t i ca l l y i n f u t u re .
i ng me thods and select ion c r i te r ia a t I C R I S A T
Center . We screened in a w i l t - s i ck p lo t and eva l -
uated in n o r m a l f ie lds F 2 p o p u l a t i o n s o f specif ic
crosses made ear l ier to c o m b i n e character is t ics
o f A n n i g e r i ( h i g h - y i e l d i n g and w i l t - res is tan t ) ,
K 850 ( large seed and w ide a d a p t a t i o n ) , JG 62
(h igh -y i e l d i ng a n d d o u b l e - p o d d e d ) , I C C 506 E B
(Hel io th is - res is tant ) , and I C C L 83151 ( d o u b l e -
podded and w i l t - res is tan t ) . We selected 160
plants f o r in te rc ross ing in the F 3 gene ra t i on .
F o u r F 1 s o f d o u b l e cross c o m b i n a t i o n s o f single
specif ic crosses were also advanced to the F2
genera t ion .
We also eva luated 156 F 7 p rogeny bu lks
selected f r o m o u r ear l ier s tudy o f s ingle, th ree-
and f o u r - w a y crosses; c o m p a r e d 25 l ines in r ep l i -
cated y ie ld tests; tested 46 F 2 -der ived F5 l ines in
rep l icated t r ia ls a t I C R I S A T Center o r G w a l i o r ;
P l a n t I m p r o v e m e n t
Breeding M e t h o d o l o g y
We made a ha l f -d ia l l e l set of s ix crosses to
in i t ia te f resh studies on the c o m p a r i s o n o f b reed-
+ 8 . 7 + 1 3 . 9 + 2 . 5 + 5 . 1 + 5 . 9 ± 4 . 4 + 1 . 4+ 1 . 9+ 1 . 8
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and c o n t r i b u t e d f i f teen l ines w i t h h igher seed
y ie ld t h a n the con t ro l s (Tab le 9) to the i n te rna -
t i o n a l ch ickpea screening nurser ies.
Of f -Season Nurser ies
At I C R I S A T Center , we made 88 crosses to
o b t a i n a d d i t i o n a l seeds o f crosses a t t emp ted in
the m a i n season, and m u l t i p l i e d seed o f some
entr ies in the i n t e r n a t i o n a l t r ia ls and nurser ies.
We also m u l t i p l i e d 87 F1s and 718 seed samples
f r o m I C A R D A , Sy r i a , d u r i n g the of f -season i n
the p o s t e n t r y q u a r a n t i n e i s o l a t i o n area
( P E Q I A ) . I nc luded were 522 F 3 progenies o f F 2
p lants resistant to ascochyta b l i gh t , and 196
ascochyta-res is tant l ines.
T a b l e 9 . Character is t ics o f some p r o m i s i n g chickpea l ines in breeding-methodology t r ia ls contr ibuted to
I n t e r n a t i o n a l C h i c k p e a Screen ing N u r s e r y ( I C S N ) , I C R I S A T C e n t e r and G w a l i o r , 1 9 8 3 / 8 4 .
D a y s t o 5 0 % 100-seed m a s s Seed y i e l d
L i n e / C u l t i v a r flowering (g) ( k g ha
- 1
)
F 2 d e r i v e d - l i n e s t r i a l
- des i s h o r t d u r a t i o n ( I C R I S A T C e n t e r )
I C C X 7 9 0 0 2 5 - 1 1 P - B P 4 9 17.5 1 8 4 0
I C C X 7 9 0 0 0 1 - 1 0 P - B P 54 18.3 1 7 3 0
C o n t r o l
A n n i g e r i 53 19.6 1 4 5 0
S i - + 1 . 4 + 0 . 4 2 + 7 8
T r i a l M e a n 4 9 18.3 1 5 1 0
C V (%) 7 6 13
F 2 d e r i v e d - l i n e s t r i a l
- des i m e d i u m d u r a t i o n ( G w a l i o r )
I C C X 7 8 0 0 8 3 - 8 G - B G - B G 64 18.4 1 8 6 0
I C C X 7 8 0 5 7 8 - 2 G - B G - B G 65 17.4 1 8 0 0
I C C X 7 8 0 0 7 7 - 2 0 G - B G - B G 6 7 15.6 1 7 7 0
I C C X 7 8 0 0 7 3 - 7 G - B G - B G 73 2 1 . 5 1 7 0 0
I C C X 7 8 0 0 9 5 - 8 G - B G - B G 6 5 15.5 1720
C o n t r o l
K 8 5 0 8 0 2 5 . 3 1 4 1 0
SE + 2 . 6 + 1 3 9
T r i a l m e a n 6 8 17 .0 1 5 1 0
C V (%) 7 6 16
B r e e d i n g - m e t h o d o l o g y t r i a l ( I C R I S A T C e n t e r )
I C C X 7 9 0 2 4 2 - B P - B T - 3 9 P - B P 4 4 2 0 . 5 1 5 6 0
I C C X 7 9 0 2 5 9 - B P - B T - 3 8 P - B P 51 19.6 1 5 6 0
I C C X 7 9 0 2 4 8 - B P - B T - 3 9 P - B P 4 6 18.3 1 5 0 0
I C C X 7 9 0 2 5 9 - B P - B T - 8 P - B P 5 4 17.2 1 5 6 0
C o n t r o l
A n n i g e r i 51 19 .0 1 3 3 0
S E + 1 . 0 + 0 . 2 5 + 6 1
T r i a l m e a n 5 0 19.2 1 3 3 0
C V (%) 6 4 13
+ 0 . 6 2
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We made m o r e t h a n 300 crosses i n v o l v i n g l ine x 
tester c o m b i n a t i o n s o f adap ted , a n d new c u l t i -
vars , a n d d ia l l e l sets a m o n g the new cu l t i va rs .
Some were speci f ica l ly s h o r t - d u r a t i o n c o m b i n a -
t i ons f o r regions l i ke pen insu la r I n d i a , w h i l e
others were l o n g - d u r a t i o n f o r regions l i ke n o r t h
Ind ia . L i ne x tester c o m b i n a t i o n s were p l anned
to c o m b i n e seed y ie ld and w ide a d a p t a t i o n in
b o t h shor t - and l o n g - d u r a t i o n types.
We evaluated m o r e t han 12000 p o p u l a t i o n s
and progenies a t I C R I S A T Center and H i s a r
(Tab le 10). We advanced 405 F1s, m a i n l y f r o m
the l ine x tester and d ia l le l series at b o t h the
loca t ions , to i den t i f y h i gh -y ie l d i ng crosses a n d
to get i n f o r m a t i o n on the inher i tance o f charac-
ters. These studies f u r t h e r c o n f i r m e d tha t v a r i a -
t i o n in y ie ld and its componen ts is p r e d o m i n a n t l y
add i t i ve a l t h o u g h nonadd i t i ve v a r i a t i o n is also
i m p o r t a n t .
We eva luated 192 F 2 and 107 F 3 ea r l y - to
m e d i u m - m a t u r i n g b u l k s i n rep l ica ted t r ia ls a t
I C R I S A T Center a n d G w a l i o r , and 209 F 2 a n d
56 F 3 l o n g - d u r a t i o n bu l ks a t H isa r a n d G w a l i o r .
Some o f the bu l ks p e r f o r m e d we l l and s i g n i f i -
can t l y ou ty ie lded the con t ro l s . T h e h i g h e r - y i e l d -
i n g F 2 p o p u l a t i o n s have been advanced f o r
f u r t h e r tests and the F 3 p o p u l a t i o n s f o r p l an t
select ion.
A t I C R I S A T Center we sowed 7315 F 4 to F 8
progenies and a t H isa r 3816 F 3 to F 8 p rogenies.
Progenies w i t h adequate seed in the F5 and m o r e -
advanced generat ions were s o w n in t w o sowings.
One set o f the progenies a t I C R I S A T Cente r was
g r o w n in the pest ic ide-f ree area, a n d a t H i s a r the
sowings were done on d i f fe ren t dates. F r o m va r -
ious generat ions we selected a t o t a l of 5086
plants a t I C R I S A T Center and 3728 a t H i sa r f o r
f u r t h e r p rogeny tests. We also harvested 537
progeny bu lks and the best of these have been
c o n t r i b u t e d to i n t e r n a t i o n a l nurser ies, w h i l e
those r e m a i n i n g w i l l be tested in p r e l i m i n a r y
y ie ld t r ia ls in 1984/85. Nea r l y 170 g e r m p l a s m
and advanced-genera t ion b reed ing l ines were
evaluated i n rep l ica ted t r ia ls a t I C R I S A T Cen-
ter , H i sa r , and G w a l i o r . F r o m a m o n g the r e p l i -
T a b l e 1 0 . N u m b e r s o f desi chickpea populat ions and progenies g r o w n a t I C R I S A T C e n t e r and H i s a r ,
1 9 8 3 / 8 4 .
I C R I S A T C e n t e r H i s a r T o t a l
1st 2 n d 1st 2 n d 1st 2 n d
G e n e r a t i o n s o w i n g s o w i n g s o w i n g s o w i n g s o w i n g s o w i n g
F1 2 1 3 0 192 0 4 0 5 0
F 2 192 0 2 0 9 0 4 0 1 0
F3
107 0 2 1 2
2
0 3 1 9 0
F4 3 9 3
1
3 2 0 7 9 8 ' 0 1191 3 2 0
F5 2 5 8 4 1 3 6 9 1 3 2 9 1 3 2 9 3 9 1 3 2 6 9 8
F6
1 1 1 9 9 9 1 6 5 0 6 5 0 1 7 6 9 1641
F 7 2 3 3 3 2 2 2 5 8 8 0
8 8 0 3 2 1 3 3 1 0 5
F8
9 5 9 8 6 5 4 3 4 3 1002 9 0 8
T o t a l 7 9 0 0 5 7 7 0 4 3 1 3 2 9 0 2 1 2 2 1 3 8 6 7 2
1 . 3 2 0 p r o g e n i e s a n d 7 3 b u l k s .
2 . 156 p r o g e n i e s a n d 5 6 b u l k s .
3 . 7 5 6 p r o g e n i e s a n d 4 0 b u l k s .
Breed ing D e s i Types
At T a p p e r w a r i p o r a in K a s h m i r , 648 F1S, 6 
F2s, and 39 l ines were g r o w n to advance genera-
t i ons and m u l t i p l y s tocks; mos t entr ies p r o d u c e d
adequate seed quan t i t i es .
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cated t r ia ls conduc ted in 1983/84 , 29 entr ies w i l l
be p r o m o t e d to i n te rna t i ona l t r ia ls and nurser-
ies. I C C V 1 ( f o r m e r l y I C C C 4) , w h i c h was ear l ier
released f o r genera l c u l t i v a t i o n in G u j a r a t State,
I n d i a , was app roved b y I C R I S A T P lan t M a t e -
r i a l Release C o m m i t t e e f o r announcemen t and
reg is t ra t ion not ices.
Breed ing K a b u l i Types
We ob ta ined six single and 15 backcrosses
between h igh -y i e l d i ng and large-seeded c u l t i -
vars. P o o r g r o w t h prevented select ion o f any
single p lants in the F 2 p o p u l a t i o n o f ear l ier
crosses. F r o m m o r e than 1400 F 3 and m o r e -
advanced bu lks and progenies g r o w n , we
selected near ly 1600 p lants a n d 80 rows f o r
f u r t h e r tests; the best 19 bu lks w i l l be tested in
repl icated t r ia ls next season. We also evaluated
128 l ines in rep l ica ted t r ia ls and selected the best
f o r f u r t h e r tests. I C C C 32 gave excel lent pe r fo r -
mance f o r the 3 r d year i n succession in the A l l
I n d i a C o o r d i n a t e d T r ia l s and was iden t i f i ed f o r
release in cen t ra l I n d i a . F o u r l ines, I C C V 2 
( I C C L 82001), I C C V 3 ( I C C L 83006), I C C V 4 
( I C C L 83004), and I C C V 5 ( I C C L 83009) w i t h
acceptable kabu l i - t ype seeds, w i l t resistance, and
shor t d u r a t i o n were app roved b y I C R I S A T
Plan t M a t e r i a l Release C o m m i t t e e f o r i n te rna -
t i o n a l announcemen t and reg is t ra t ion not ices.
E x t e n d i n g C h i c k p e a A d a p t a t i o n
Early sowing in peninsular India . We c o u l d
no t sow i n m id -Sep tember a t I C R I S A T Center
as heavy rains con t i nued t i l l the end of tha t
m o n t h p reven t i ng seedbed p r e p a r a t i o n . As a 
result a l l mater ia ls , i n c l u d i n g F 3 to F 4 progenies,
ear l y -sown screening t r ia ls , and ear ly - and
n o r m a l - s o w n c o m p a r i s o n s o f p r e v i o u s l y -
iden t i f i ed l ines, w i l l be s o w n nex t season. H o w -
ever, we d i d screen 410 F3 progenies, der ived
f r o m crosses between wi l t - res is tant and adapted
genotypes, in the w i l t - s i ck p l o t and selected 684
single p lants f o r f u r t he r eva lua t i on under ear ly -
sown cond i t i ons .
Late sowing in northern Ind ia . O u r e f for ts a t
H i sa r c o n t i n u e d , t o i den t i f y and deve lop geno -
types sui ted to la te -sown c o n d i t i o n s . Th i s is so
tha t ch ickpea can be g r o w n in r o t a t i o n w i t h r ice ,
c o t t o n , and o ther r a i ny season crops t h a t vacate
f ie lds late in the w i n t e r season.
A 6x9 l ine x tester F1 s tudy in o u r late s o w i n g ,
ind ica ted a p reponderance of add i t i ve genet ic
var iance f o r days to f l o w e r i n g , seeds pod""
1
 a n d
100-seed mass, and nonadd i t i ve genet ic var iance
f o r he ight , branches, pods , and y ie ld p l a n t
- 1
. We
grew 901 F4 to F6 progenies and selected 537
plants f o r f u r t h e r eva lua t i on . Supe r i o r progenies
were bu lked and m a x i m u m yields o f 4020 kg ha
- 1
were recorded in desi and 2520 kg h a
- 1
 i n k a b u l i
progenies. T h e h ighes t -y ie ld ing 58 desi , and 23
k a b u l i progenies w i l l be y ie ld tested nex t year in
ou r la te-p lanted t r ia ls . The p r e l i m i n a r y and
advanced y ie ld t r ia ls o f ge rmp lasm accessions
and breed ing lines conduc ted w i t h desi and
k a b u l i genotypes gave encourag ing results in
spite o f the sa l in i ty p rob lems a t H isar . T h e h i g h -
est y ie ld o f 2666 kg ha
- 1
 was recorded in N E C
989 compared to 1608 kg h a
- 1
 in H 208. Th ree of
ou r l ines, I C C C 14, I C C C 4 1 , and N E C 989,
con t r i bu ted to the la te-sown coo rd ina ted t r ia ls
last year pe r fo rmed pa r t i cu la r l y we l l in the east
and nor thwes t zones o f I n d i a . T h e y were
reta ined in these zones f o r f u r t he r tests. In c o l -
l a b o r a t i o n w i t h phys io log is ts , 480 ge rmp lasm
accessions were screened in ou r la te -sowing
t r ia ls and we iden t i f ied a few super ior entr ies f o r
i nc lus ion in p r e l i m i n a r y y ie ld t r ia ls i n 1984/85.
P l a n t T y p e
T a l l , erect habit . B reed ing fo r i m p r o v e d m i d -
t a l l , erect, and compac t genotypes c o n t i n u e d .
We made 26 crosses a t I C R I S A T Center and 67
at H i sa r to i nco rpo ra te disease resistance,
doub le -podded and mul t iseeded character is t ics ,
and to i m p r o v e the seed size o f t a l l der iva t ives .
We d i d no t conduc t any F , t r i a l th is year b u t
advanced 18 F1s in nonrep l i ca ted p lo ts .
We grew 27 F 2 popu la t i ons and 780 F 3 to F 8
progeny rows a t I C R I S A T Center and selected
1423 p lants and 48 rows. At H i sa r , we selected
1280 single p lants and 10 rows f r o m 27 F2 p o p u -
la t ions and 2237 progenies. We conduc ted t w o
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p r e l i m i n a r y y ie ld t r ia ls o f the p r o m i s i n g
advanced ta l l l ines, one each a t l C R l S A T Center
and H isar . Because o f the sa l in i t y p r o b l e m s a t
H isa r , the co l lected da ta c o u l d n o t be ana lyzed .
A t I C R I S A T Center , however , the t r i a l was
g o o d and a n u m b e r o f ta l l entr ies exceeded the
y ie ld o f A n n i g e r i as we l l as the best ta l l c o n t r o l ;
the t o p f i ve are presented in Tab le 11. A m u l t i l o -
ca t i ona l t r i a l o f p r o m i s i n g ta l l l ines was sent to
ten loca t ions in I n d i a . N o n e o f the ta l l l ines gave
h igher overa l l y ie ld t h a n the c o m m o n c o n t r o l , K 
850, yet a t i n d i v i d u a l loca t ions some o f the
entr ies ou t -y ie lded the c o m m o n and loca l c o n -
t ro l s . We t h i n k the y ie ld po ten t i a l o f t a l l l ines can
be f u r t h e r i m p r o v e d by i m p r o v i n g the i r s ink size
t h r o u g h a d d i n g d o u b l e - p o d d e d and mul t i seeded
character is t ics a n d increas ing seed size.
Double-podded and multiseeded types. Selec-
t i o n t o c o m b i n e d o u b l e - p o d d e d and mul t i seeded
character is t ics w i t h h i g h y ie ld and disease resis-
tance c o n t i n u e d . We made 68 th ree-way crosses
i n v o l v i n g mu l t i seeded, d o u b l e - p o d d e d a n d w i l t -
res istant , h i g h - y i e l d i n g , and ascochyta b l i gh t - r e -
sistant genotypes.
T a b l e 1 1 . P l a n t he ight ( c m ) and seed y ie ld ( k g
h a
- 1
) o f f ive h ighest -y ie ld ing , t a l l chickpea
genotypes compared w i t h A n n i g e r i and a t a l l
c o n t r o l , l C R l S A T C e n t e r , 1 9 8 3 / 8 4 .
P l a n t Seed
h e i g h t y i e l d
L i n e / C u l t i v a r ( c m ) ( k g h a
- 1
)
I C C X 7 5 0 0 1 6 - 4 2 - 1 P - 1 P - 1 P - 1 P - B P 4 1 . 6 1 4 1 0
I C C X 7 7 0 9 0 9 - B H - 5 H - 1 P - B P 3 7 . 6 1 3 5 0
I C C X 7 6 1 4 5 9 - 6 9 H - 1 P - B P - B P 5 4 . 7 1 1 8 0
I C C X 7 5 0 0 1 6 - 3 3 - 1 P - 1 P - 1 P - 1 P - B P 4 7 . 1 1 1 6 0
I C C X 7 6 1 2 9 3 - 1 0 H - 1 H - 2 H - 2 P - B P 4 9 . 3 1 1 3 0
C o n t r o l s
A n n i g e r i 2 2 . 6 8 8 0
7 5 0 0 7 3 - 4 - 1 P - 1 P - B P 4 2 . 4 8 1 0
S E
T r i a l m e a n 4 0 . 1 9 9 6
C V (%) 5 11
We grew 29 F 2 p o p u l a t i o n s in the w i l t - s i ck
p l o t , 12 F 2 p o p u l a t i o n s , and 4212 F 3 to F 6 p r o -
genies i n n o r m a l f ie lds a t I C R I S A T Cente r ; and
12 F2 p o p u l a t i o n s in the w i l t - s i ck p l o t , 8 F2
p o p u l a t i o n s , and 3205 F 3 to F 6 progenies in n o r -
m a l f ie lds a t H isar . A l l progenies were eva lua ted
f o r the i r mul t iseeded character is t ics and seed
y ie l d , and we selected m o r e t h a n 4300 single
p lants and 54 rows f r o m those c o m b i n i n g m u l t i -
seeded or d o u b l e - p o d d e d character is t ics , and
h a v i n g h igher seed y ie lds t h a n the m o v i n g aver -
ages of c o n t r o l cu l t i va rs . Of these, 16 l ines were
c o n t r i b u t e d t o I S N s .
A t I C R I S A T Center , 7 2 l ines der ived f r o m
mul t i seeded pods in the p rev ious years were
c o m p a r e d w i t h A n n i g e r i f o r the i r n u m b e r o f
seeds p o d
- 1
. T e n u n i f o r m l ines, w h i c h p r o d u c e d
cons ide rab ly m o r e seeds p o d
- 1
 (Tab le 12) t h a n
A n n i g e r i , were b u l k e d f o r f u r t h e r studies to be
conduc ted i n co l l abo ra t i on w i t h the phys io l -
ogists.
C o o p e r a t i v e A c t i v i t i e s
In 1983 /84 , there was a p h e n o m e n a l increase in
the n u m b e r o f i n t e r n a t i o n a l t r ia ls d i s t r i b u t e d t o
coopera to rs ( F i g . 3). As in 1983, to meet specif ic
s i tua t ions , m a t e r i a l was g r o u p e d as shor t - ,
Table 12. Number of seeds pod
-1
 in early-
developed multiseeded chickpea lines grown at
I C R I S A T Center, 1983/84.
M u l t i s e e d e d l i n e M e a n S E
2 1.79
13 1.84
2 4 1.70
2 8 1.70
4 6 1.84
4 9 1.63
59 1.76
6 0 1.85
62 1.71
6 6 2 . 0 3
C o n t r o l
A n n i g e r i 1.18 +0.031
+0.154
+0.059
+0.060
+0.048
+0.067
+0.138
+0.070
+0.079
+0.041
+0.042
± 1 . 2 5 + 6 6
Figure 3. G r o w t h in numbers of Internat ional Chick-
pea Trials and Nurseries f r o m 1 9 7 8 / 7 9 to 1 9 8 3 / 8 4 .
m e d i u m - , and l o n g - d u r a t i o n . W e con t i nued t o
i nco rpo ra te ascochyta b l i gh t resistance in l o n g -
d u r a t i o n genotypes f o r the western sector, and
gray m o l d resistance in s h o r t - d u r a t i o n geno-
types f o r the eastern sector o f the I n d i a n subcon -
t inen t . U n l i k e 1983, there was no ascochyta
b l i gh t th is season, hence no fear o f spread ing the
disease t h r o u g h seed. We there fore d i s t r i bu ted
F 2 and F 3 t r ia ls o f the l o n g - d u r a t i o n ca tegory
also. We a d d i t i o n a l l y cons t i tu ted a ta l l type m u l -
t i l o ca t i ona l t r i a l tha t was d i s t r i bu ted to n ine
n o r t h e r n I n d i a n locat ions and also conduc ted a t
I C R I S A T Center .
We d i s t r i bu ted 195 sets of 14 d i f fe ren t i n t e rna -
t i o n a l t r ia ls and nurseries o f b reed ing ma te r i a l t o
52 coopera to rs in 15 count r ies (Tab le 13). As in
prev ious seasons, we no ted tha t few F 2 and F 3
segregat ing bu l ks gave s ign i f i can t l y h igher y ie lds
t h a n the loca l and c o m m o n con t ro l s a t i n d i v i d -
ua l l oca t ions , a l t h o u g h some were s ign i f i can t l y
bet ter ove ra l l . In genera l , coopera to rs were satis-
f ied w i t h the a m o u n t o f va r i ab i l i t y i n the segre-
ga t ing bu lks .
I n the I n t e r n a t i o n a l Ch ickpea Screening N u r -
series ( I C S N s ) , m a n y entr ies p e r f o r m e d bet ter
t han the con t ro l s a t i n d i v i d u a l loca t ions . H o w -
ever, the best y ields overa l l were f r o m I C C 11172
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i n s h o r t - d u r a t i o n , I C C L 82119 i n m e d i u m -
d u r a t i o n , and I C C L 82435 i n l o n g - d u r a t i o n
nurser ies.
I n the I n t e r n a t i o n a l Ch i ckpea Coope ra t i ve
T r i a l Des i S h o r t - D u r a t i o n ( I C C T D S ) , I C C L
81215 f o l l o w e d by I C C L 82127 p r o d u c e d the
highest seed yie lds and b o t h were entered in A l l
I nd i a C o o r d i n a t e d T r ia l s . I C C L 80107 gave the
second-highest y ie lds in the I n t e r n a t i o n a l C h i c k -
pea Coope ra t i ve T r i a l Des i L o n g - D u r a t i o n
( I C C T D L ) and was also entered in c o o r d i n a t e d
t r ia ls .
I n c o l l a b o r a t i o n w i t h I C A R D A w e c o n t i n u e d
d i s t r i b u t i n g the ch ickpea a d a p t a t i o n t r i a l f o r the
3rd year. Fou r t een sets were supp l ied by I C R I -
S A T and m o r e t h a n 6 0 b y I C A R D A . D a t a have
been assembled f o r m a n y var iab les f o r the 3 
seasons and have been entered i n t o the c o m p u t e r
f o r analysis and assessment.
D i s t r i b u t i o n o f Breeders' M a t e r i a l
We suppl ied seeds of 5464 samples of segregat-
i n g popu la t i ons and o ther b reed ing mater ia ls t o
coopera to rs i n I nd ia and o ther coun t r ies i n
response to specif ic requests.
C o o p e r a t i o n w i t h A l l I n d i a
C o o r d i n a t e d Pulses I m p r o v e m e n t
Pro ject ( A I C P I P )
As in the past, we aga in screened g e r m p l a s m
accessions, entr ies f r o m A I C P I P ch ickpea v a r i -
etal t r ia ls , and breed ing mater ia ls f r o m A I C P I P
scientists f o r resistance to f u s a r i u m w i l t and
o ther so i l bo rne diseases, ascochyta b l i g h t , and
bo t ry t i s g ray m o l d , and c o m m u n i c a t e d the
results to t h e m .
T h e n a t i o n a l u n i f o r m tes t ing f o r ch ickpea w i l t
and r o o t ro ts was j o i n t l y organ ized b y I C R l S A T
and A I C P I P t h r o u g h the 3 rd l C R I S A T / I C A R
U n i f o r m Ch ickpea W i l t / R o o t Rots Nu rse ry
( I I U C W R R N ) . T h e t r i a l cons is t ing o f 6 0 entr ies
(a l l con t r i bu ted by l C R I S A T ) was conduc ted a t
11 locat ions in I n d i a . The results are repor ted in
Pulse P a t h o l o g y Progress R e p o r t N o . 4 1 .
O u t o f the 18 entr ies in A I C P I P t r ia ls in var -
ious zones, I C C C 22 ranked 4 t h and I C C C 37
2nd i n the G r a m C o o r d i n a t e d Var ie ta l T r i a l -
S o u t h Z o n e ( G C V T - S Z ) f o r seed y ie l d ; I C C C 40
f in ished 2nd i n the G r a m I n i t i a l E v a l u a t i o n
T r i a l - C e n t r a l Z o n e ( G I E T - C Z ) ; and I C C C 3 6
3 r d , and I C C C 39 4 t h i n the G r a m I n i t i a l E v a l u a -
t i o n T r i a l - S o u t h Z o n e ( G I E T - S Z ) . Besides
these, desi entr ies p r o m o t e d or re ta ined in d i f f e r -
ent t r ia ls were I C C C 27, 28 , 29 , 30, 35, 38 , and P 
1329. A m o n g kabu l i s , I C C C 32 p e r f o r m e d bet-
ter t h a n the c o n t r o l , L 550 f o r 3 consecut ive
seasons. I t was iden t i f i ed f o r release in the cen-
t ra l zone of I n d i a and the seed has been sent f o r
m i n i k i t t r ia ls . I C C C 25, 33, and 34 w i l l be f u r t h e r
tested in k a b u l i t r ia ls next season. Three entr ies,
I C C C 14, 4 1 , and N E C 989, p e r f o r m e d we l l i n
the G I E T la te-sown t r ia ls and were re ta ined f o r
f u r t he r tests. F ive new l ines, I C C C 4 2 , 4 3 , 4 4 , 4 5 ,
and 46 were c o n t r i b u t e d to coo rd ina ted t r ia ls f o r
test ing in the 1984/85 season. In a d d i t i o n , sev-
era l entr ies c o n t r i b u t e d t o A I C P I P t r ia ls by o u r
coopera to rs are selections f r o m 1 C R I S A T mate -
r ials. F o l l o w i n g the release of I C C C 4 ( I C C V 1)
in G u j a r a t , m a n y seed requests were received
and met . We supp l ied 130 kg of breeders' seed of
I C C C 4 to G u j a r a t State to supp lement thei r
m u l t i p l i c a t i o n p r o g r a m .
C o o p e r a t i o n w i t h I C A R D A
I C R I S A T has s ta t ioned t w o ch ickpea scientists
a t I C A R D A t o w o r k o n k a b u l i ch ickpeas f o r
sp r ing and w i n t e r sow ing in the M e d i t e r r a n e a n
reg ion o f west As ia , n o r t h e r n A f r i c a , and s o u t h -
ern Eu rope , and in the Amer i cas . M o s t o f the
w o r k repor ted here was car r ied out by t h e m , in
c o l l a b o r a t i o n w i t h na t i ona l p rog rams and w i t h
ch ickpea scientists a t I C R I S A T and I C A R D A .
Plant Improvement
Ascochy ta b l i gh t resistance is very i m p o r t a n t in
the M e d i t e r r a n e a n reg ion and there fore e f for ts
have been d i rec ted t o w a r d s the deve lopmen t o f
o n l y ascochyta b l igh t - res is tant ma te r i a l a t T e l
H a d y a . L ines tha t show h igh suscept ib i l i t y t o
c o l d , heat, i r o n def ic iency, Orobanche sp, and
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Ascochyta blight-resistant chickpea line ( left ) growing alongside susceptible line ( r ight ) in epidemiological study,
Syr ia , 1984.
leaf m i n e r (Liriomyza cicerina) are also re jected.
A d v a n c e d segregat ing p o p u l a t i o n s are g r o w n
d u r i n g w in te r and sp r ing . The genet ic stocks
developed are eva luated f o r g ra in y ie ld d u r i n g
b o t h w in te r and spr ing a t three sites in Syr ia and
one in L e b a n o n tha t d i f fe r i n ag roc l ima t i c c o n d i -
t i ons and a l t i t ude . L ines tha t p e r f o r m we l l are
made ava i lab le to the n a t i o n a l p rog rams .
Germplasm evaluation. A t o t a l of 1797 k a b u l i
ch ickpea ge rmp lasm accessions g r o w n d u r i n g
w in te r were evaluated f o r days to f l o w e r i n g and
m a t u r i t y , p lan t he ight , pods p l a n t
- 1
, p o d deh is -
cence, b io log i ca l y i e ld , seed y i e l d , harvest i ndex ,
resistance to leaf m ine r , and suscept ib i l i t y to
i r o n def ic iency. These lines are also be ing eva lu -
ated f o r the i r p ro te i n con ten t and c o o k i n g t ime .
Orobanche resistance. T h e paras i t ic weed
Orobanche sp is no t a p r o b l e m in sp r i ng , b u t
cou ld become a p r o b l e m in the w in te r c r o p . As a 
r o u t i n e , newly -deve loped l ines are screened
against Orobanche and suscept ible l ines are
rejected. D u r i n g 1983/84 , we screened 193 l ines
and f o u n d 170 o f t h e m to le ran t .
We have rescreened 500 p r o m i s i n g ge rmp lasm
lines and iden t i f i ed 11 resistant l ines. These are
I L C 83, 132, 134, 7 1 , 2 0 1 , 202, 299, 349, 1346,
2500, and 3274.
Ascochyta blight-resistant genetic stocks. The
ge rmp lasm l ines w i t h resistance to ascochyta
b l i gh t have an in te rmed ia te type o f seed (ne i ther
desi n o r k a b u l i ) and are la te -matu r ing . A t t e m p t s
were made to t ransfer the gene f o r resistance i n t o
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a bet ter genetic b a c k g r o u n d . E igh t l ines h a v i n g
k a b u l i - t y p e seed, ear ly f l o w e r i n g , g o o d seed size,
and b l i gh t resistance have n o w been deve loped ,
and used as resistance sources in the h y b r i d i z a -
t i o n p r o g r a m .
Internat ional nurseries and yield trials. T h e
i n t e r n a t i o n a l tes t ing p r o g r a m was i n i t i a ted d u r -
i ng 1977/78. In the f i rs t year, 34 sets of 2 nurser -
ies were sent to 15 n a t i o n a l p r o g r a m s ; by 1984
the n u m b e r o f t r ia ls we sent o u t had subs tan -
t i a l l y increased. Three h u n d r e d and seventy sets
of 10 nurseries were fu rn i shed to 40 n a t i o n a l
p r o g r a m s , an e leven- fo ld increase over 1977 /78 .
T e n n a t i o n a l p r o g r a m s , C y p r u s , E g y p t , J o r -
d a n , L e b a n o n , M o r o c c o , O m a n , P a k i s t a n ,
S p a i n , Sy r i a , and Tun i s i a have selected geno-
types f r o m the i n t e r n a t i o n a l nurser ies f o r o n -
f a r m t r ia ls o r m u l t i l o c a t i o n a l tes t ing (Tab le 14).
T a b l e 1 4 . C h i c k p e a l ines suppl ied b y I C A R D A
and included in mu l t i loca t iona l or o n - f a r m t r ia ls by
nat iona l p r o g r a m s , 1 9 8 3 / 8 4 .
C o u n t r y C u l t i v a r
C y p r u s I L C 3 2 7 9
E g y p t I L C 1 9 5 , 4 8 2 , 4 8 4
J o r d a n I L C 4 8 4 , 2 0 2
L e b a n o n I L C 4 8 2
M o r o c c o I L C 1 9 5 , 4 8 2 , 4 8 4
O m a n I L C 3 2 7 9 , 8 0 - 5
P a k i s t a n F L I P 8 2 - 8 C , 8 2 - 5 2 C , 8 2 - 6 9 C ,
8 2 - 5 C , 8 2 - 4 3 C
S p a i n I L C 7 2 , 2 0 0
S y r i a I L C 7 2 , 1 9 5 , 2 0 2 , 3 2 7 9 , 6 2 0 ,
6 2 9 , F L I P 8 2 - 6 4 C , F L I P
8 2 - 2 3 6 C
T u n i s i a I L C 4 8 2
I L C 3279 released for winter sowing in Cyprus.
Ch ickpea c u l t i v a r I L C 3279, a se lect ion made
f r o m a n i n t r o d u c t i o n f r o m the U S S R , has p r o -
duced cons is tent ly h i gh y ie lds in w in te r sowings
in C y p r u s . Th i s c u l t i v a r i s h i gh l y resistant to
ascochyta b l i gh t and to le ran t to c o l d . I t i s ta l l
and thus can easi ly be harvested mechan ica l l y .
T h e n a t i o n a l p r o g r a m o f Cyp rus has released i t
f o r w in te r sow ing .
Crossing program. D u r i n g the 1983/84 sea-
son , we made 401 crosses. Of these, 275 crosses
were made to deve lop genetic stocks and c u l t i v -
ars, 90 crosses f o r the n a t i o n a l p r o g r a m s o f
E g y p t , I t a l y , J o r d a n , M o r o c c o , and T u n i s i a , and
36 crosses f o r genet ic studies on resistance to
ascochyta b l i gh t , f u s a r i u m w i l t , and leaf m ine r .
The m a j o r i t y o f the crosses made th is year were
between l ines bred a t I C A R D A and g e r m p l a s m
accessions, a s ign i f i can t depar tu re f r o m ear l ie r
years w h e n crosses were a lmos t exc lus ive ly
a m o n g g e r m p l a s m accessions. T h e F,s were
g r o w n in the of f -season in Sarghaya under 24 h 
o f d a y l i g h t to advance the gene ra t i on .
Segregating populations. T h e ma te r i a l f r o m
F 2 t o F 4 generat ions was g r o w n d u r i n g the w i n t e r
a t Te l H a d y a . T h e F 5 to F 7 p rogeny rows were
g r o w n d u r i n g bo th w in te r and sp r ing a t Te l
H a d y a , Syr ia (Tab le 15). T h e select ion c r i te r ia
T a b l e 1 5 . N u m b e r o f ch ickpea segregat ing l ines g r o w n , single p lants selected, and progenies bu lked a t Tel
H a d y a , S y r i a , 1 9 8 3 / 8 4 .
G e n e r a t i o n Seg rega t i ng l i n e s g r o w n S i n g l e p l a n t s se lec ted P r o g e n i e s b u l k e d
F 2 P o p u l a t i o n
F 3 P r o g e n y
F 4 P r o g e n y
F 5 P r o g e n y
F 6 P r o g e n y
F 7 P r o g e n y
2 4 2
4 9 2 7
3 1 6 4
1 9 9 8
1
1 8 6 0
1
9 6 6
1
5 1 1 2
2 3 4 5
1741
5 1 7
5 2 0
0
0
0
28
9 7
4 4
21
1 . I n c l u d e s s o m e p r o g e n i e s g r o w n d u r i n g b o t h w i n t e r a n d s p r i n g .
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f o r ma te r i a l g r o w n i n F 2 t h r o u g h F 4 i nc luded
rogue ing o u t p lan ts susceptible to co ld and i r o n
def ic iency, and select ing p lants w i t h resistance to
ascochyta b l i gh t , acceptable seed q u a l i t y , shor t
d u r a t i o n , and ta l l s tature. Y ie ld and a d a p t a t i o n
to w in te r and spr ing sow ing were the m a i n c r i te -
r ia f o r select ion in the F 5 to F 7 generat ions.
Spring and winter yield trials. A t o t a l of 140
newly -deve loped l ines were evaluated d u r i n g the
w in te r and sp r ing seasons f o r seed y ie ld at Te l
H a d y a and T e r b o l ; in sp r i ng o n l y 14 l ines
exceeded the y ie ld o f the loca l c o n t r o l a t Te l
H a d y a and f o u r l ines exceeded the c o n t r o l a t
T e r b o l (Tab le 16). In the w in te r p l a n t i n g , as
m a n y as 76 l ines at Te l H a d y a and 30 l ines at
T e r b o l exceeded the c o n t r o l y i e l d , bu t on l y e ight
l ines a t Te l H a d y a y ie lded s ign i f i can t l y more
t h a n the c o n t r o l . In cont ras t to the highest y ie ld
o f 331 kg ha
- 1
 in the sp r ing -sown t r ia ls a t Te l
H a d y a , the t o p y ie ld in the w in te r sown t r ia ls was
3070 kg ha
- 1
, an e igh t - fo ld increase. A t T e r b o l
some entr ies p roduced mo re t han 3500 kg ha
- 1
.
Large-seeded tall chickpea. We have bred 20
lines t ha t c o m b i n e large seed, h igh y i e l d , and
b l igh t resistance; the ten best are shown in Tab le
17. I r respect ive of the i r y ie ld pe r fo rmance , the
l ines c o m b i n i n g large seed size and ascochyta
b l i gh t resistance cou ld go a l o n g way t o w a r d
i n t r o d u c i n g ch ickpea c u l t i v a t i o n d u r i n g w in te r ,
and thus the prospect o f increas ing ch ickpea
p r o d u c t i o n has b r i gh tened , even in such M e d i -
te r ranean count r ies as Spa in .
A n u m b e r o f l ines w i t h h igh y ie ld , b l i gh t re -
sistance, kabu l i - t ype large seed, and ta l l s ta ture
have been developed f o r the f i rs t t ime . T h e p lan t
height and 100-seed mass of a few l ines bu l ked
last season are shown in Tab le 18.
T a b l e 1 6 . M e a n y ie ld ( k g h a
- 1
) per formance o f 1 4 0 newly-developed chickpea l ines i n S y r i a and L e b a n o n ,
w in te r and spr ing , 1 9 8 3 / 8 4 .
L o c a t i o n
E n t r i e s
e x c e e d i n g
c o n t r o l
M e a n
y i e l d
( k g h a
- 1
) SE
R a n g e f o r h i g h e s t -
y i e l d i n g l i nes i n
t r i a l s ( k g h a
- 1
)
T e l H a d y a , S y r i a
W i n t e r
S p r i n g
T e r b o l , L e b a n o n
W i n t e r
S p r i n g
76
14
30
4
1 7 1 0
120
2 1 5 0
1 4 0 0
2 3 6 0 - 3 0 7 0
1 5 0 - 3 3 1
1 8 8 0 - 3 6 0 0
1 6 1 0 - 2 0 0 0
Newly-developed, short -durat ion kabul i chickpea
cultivar that is resistant to ascochyta bl ight, cold toler-
ant , and large-seeded. This cultivar is now in
advanced yield trials in Syr ia .
+386
+89
+532
+325
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T a b l e 1 7 . 100-seed mass ( g ) o f some n e w l y - b u l k e d ,
large-seeded, and b l ight - res istant chickpea l ines,
T e l H a d y a , S y r i a , 1 9 8 3 / 8 4 .
Ped ig ree 100-seed m a s s (g)
I L C 112 x I L C 191 50 .1
I L C 191 x I L C 2 6 2 4 8 . 6
I L C 4 7 0 x I L C 2 9 5 6 4 5 . 6
I L C 3 2 7 9 x I L C 3 3 5 5 4 6 . 5
C o n t r o l
I L C 4 6 4 4 6 . 0
I L C 2 0 2 x I L C 3 3 5 5 4 3 . 8
I L C 3 2 7 9 x I L C 3 3 5 5 4 3 . 9
I L C 7 2 x I L C 1 9 2 2 4 3 . 0
I L C 2 9 5 6 x I L C 3 2 7 9 4 1 . 7
I L C 2 0 2 x I L C 2 5 6 4 2 . 4
I L C 112 x I L C 191 4 1 . 6
SE ± 0 . 7 1
M e a n 4 3 . 6
On- farm trials. O n - f a r m t r ia ls were c o n t i n u e d
b y the S y r i a n M i n i s t r y o f A g r i c u l t u r e , and
I C A R D A . These t r ia ls were conduc ted a t 16
loca t ions w i t h e ight entr ies i n w in te r , s ix i n
sp r ing , and three entr ies c o m m o n to b o t h sea-
sons. I L C 482 was st i l l the h ighes t -y ie ld ing c u l -
t i va r d u r i n g w in te r s o w i n g a n d the S y r i a n loca l
landrace m a i n t a i n e d its y ie ld supe r io r i t y in the
spr ing sow ing (Tab le 19). Th ree cu l t i va rs , I L C
72, 202, a n d 3279, were ta l le r and thus m o r e
sui ted f o r mechan ica l harves t ing . Based on 3 
years ' da ta , I L C 3279 was the 2nd h ighest -y ie lder
in w in te r , and because o f its h i gh b l i gh t resist-
ance and ta l l s ta ture , is under cons ide ra t i on f o r
release in Sy r ia .
Diseases and their Control
Disease situation in West Asia and northern
A f r i c a . Ascochy ta b l igh t (Ascochy ta rabiei),
t ha t caused serious losses in the reg ion d u r i n g
the past 3-4 years, was no t such a p r o b l e m th is
season because of the d r y weather . Ascochy ta
b l i gh t and ch ickpea p r o d u c t i o n are b o t h
dependent on the weather . W h e n i t i s d r y , there
is no ascochyta b l i gh t , but the c rop harvest is
poo r . W h e n the weather is wet , there is scope f o r
a g o o d harvest , bu t the c r o p is m o r e suscept ib le
to b l i gh t . T h u s b l igh t c o n t r o l is essential to
increase and stabi l ize ch ickpea p r o d u c t i o n in the
reg ion .
Ascochy ta b l i gh t was observed th is year in the
sou the rn par t o f T a h r i r p rov ince , i n Egyp t ,
where ch ickpea is be ing cu l t i va ted under
sp r ink le r i r r i g a t i o n on new ly - rec la imed desert
lands . Th is is the f i rs t repor t o f the occurrence of
ascochyta b l i gh t in Egyp t and has n o w been
documen ted by E g y p t i a n wo rke rs .
Iso la t ions f r o m w i l t ed p lants f r o m T u n i s i a
and Syr ia revealed the presence of Verticillium 
sp in a d d i t i o n to Fusarium oxysporum. 
A survey of p lan t paras i t ic nematodes of
l eguminous crops in Syr ia showed tha t ch ickpea
is a host to 12 nematode genera. Of these Meter-
odera sp were ex t rac ted f r o m 2 4 % , Meloidogyne 
artiellia f r o m 12%, and Pratylenchus thornei 
f r o m 6 0 % o f the col lected samples, and appeared
to be the mos t d a m a g i n g nematodes.
International Ascochyta Blight Nursery. F o r t y
sets of 70 ascochyta b l ight - res is tant l ines were
T a b l e 1 8 . P l a n t height ( c m ) and 100-seed mass (g )
o f some n e w l y - b u l k e d , t a l l , and bl ight - resistant
chickpea l ines , T e l H a d y a , S y r i a , 1 9 8 3 / 8 4 .
P l a n t h e i g h t 100-seed
Ped ig ree ( c m ) m a s s (g)
I L C 6 1 0 x I L C 7 2 6 5 3 2 . 9
I L C 1 9 2 0 x I L C 2 9 5 6 65 3 4 . 2
I L C 1 9 2 0 x I L C 2 9 5 6 70 3 4 . 7
I L C 1 9 2 0 x I L C 2 9 5 6 6 0 3 2 . 2
I L C 7 2 x I L C 4 8 2 6 0 3 1 . 6
I L C 7 2 x I L C 4 8 2 65 3 2 . 2
I L C 7 2 x I L C 4 8 4 6 0 3 1 . 1
I L C 7 2 x I L C 4 8 4 70 3 4 . 7
I L C 7 2 x I L C 4 8 4 65 3 1 . 2
I L C 7 2 x I L C 73 70 3 8 . 0
C o n t r o l
I L C 3 2 7 9 6 7 2 7 . 6
SE + 0 . 7 8 + 0 . 8 0
M e a n 6 2 . 7 3 0 . 5
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T a b l e 1 9 . M e a n seed y ie ld ( k g h a
- 1
) o f chickpea l ines tested i n o n - f a r m t r ia ls a t 1 6 locat ions , S y r i a , w i n t e r
and spr ing , 1 9 8 3 / 8 4 .
W i n t e r S p r i n g
Y i e l d Y i e l d
E n t r y ( k g h a
- 1
) R a n k ( k g h a
- 1
) R a n k
I L C 7 2 1 1 6 0 5 0 0
I L C 195 1 1 8 0 4 0 0
I L C 2 0 2 1 1 3 0 7 0 0
I L C 4 8 4 1 4 1 0 2 0 0
I L C 3 2 7 9 1 0 9 0 8 0 0
F L I P 8 2 - 6 4 1 1 5 0 6 7 0 0 A
F L I P 8 2 - 2 3 6 1 2 8 0 3 8 1 0 5
C o n t r o l
I L C 4 8 2 1 4 5 0 1 8 5 0 3
I L C 6 2 0 N D ' ND
1
8 2 0 4
I L C 6 2 9 N D N D 8 7 0 2
C o n t r o l
S y r i a n l o c a l N D N D 9 2 0 1
SE + 1 3 5 + 2 6
C V (%) 21 17
1 . N D = N o t d e t e r m i n e d .
suppl ied to 18 na t i ona l p rog rams m a i n l y in west
As ia and n o r t h e r n A f r i c a t h r o u g h the Ch i ckpea
I n t e r n a t i o n a l Ascochy ta B l i gh t Nu rse ry 84
( C I A B N ) . The entr ies inc luded 21 desi and 22
k a b u l i ge rmp lasm accessions, and 27 k a b u l i l ines
deve loped t h r o u g h h y b r i d i z a t i o n .
New sources of resistance to ascochyta blight. In
advanced screening o f ge rmp lasm accessions f o r
resistance to b l i gh t , f o r a 2nd year 9 new l ines
were f o u n d to be resistant a t t w o I C A R D A loca-
t ions in Syr ia (Te l H a d y a and L a t t a k i a ) a n d one
in L e b a n o n (Te rbo l ) . These l ines were I L C 3803
( k a b u l i ) , and I C C 4 1 8 1 , 4475, 8486, 9189, 9 5 0 1 ,
9514, 12023, C A M 72, and 94 (a l l desi).
Sources of resistance to a virulent race of A.
rabiei . We screened a t o t a l of 5000 ge rmp lasm
accessions, c o m p r i s i n g desi and k a b u l i types f o r
resistance to the new ly - iden t i f i ed race 6 of A.
rabiei. M o s t of the l ines resistant to race 3 
showed suscept ib i l i ty to race 6. In repeated
screenings, f ive l ines, I C C 6988 (desi) , and I L C
187, 202, 3346, and Pch 128 (a l l k a b u l i ) , showed
resistance or to lerance to the new race.
Durable blight resistance. In an a t t emp t to
iden t i f y l ines w i t h du rab le resistance to b l i gh t ,
l ines were screened against d i f fe ren t races of A.
rabiei, under d i f fe ren t regimes of re lat ive h u m i d -
i t y , and i n o c u l u m concen t ra t ions . T h e search f o r
du rab le resistance was made amongs t the l ines
iden t i f i ed as resistant to race 3, and those f o u n d
resistant in the m u l t i p l e locat ions o f the I n t e r n a -
t i o n a l B l i gh t Resistance Tes t ing P r o g r a m .
Of 30 such l ines screened against 6 races, f i ve
l ines ( I L C 72, 187, 2506, 3856, and 3864) showed
l o w disease severi ty c o m p a r e d to the suscept ible
c o n t r o l I L C 1929. (Tab le 20). These l ines also
showed l o w A. rabiei spo ru l a t i on when mea-
sured one m o n t h af ter i nocu la t i on in the seedl ing
stage.
The reac t ion of 10 genotypes to race 3 was
studied a t d i f fe ren t 100% re lat ive h u m i d i t y p e r i -
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T a b l e 2 0 . C h i c k p e a l ines w i t h low disease severity and fungus sporu la t ion against s ix races of Ascochyta 
rabiei, T e l H a d y a , S y r i a , 1 9 8 3 / 8 4 .
B l i g h t s e v e r i t y
1
G e n o t y p e R a c e 1 R a c e 2 R a c e 3 R a c e 4 R a c e 5 R a c e 6 
I L C 7 2 3 3.5 3 3 3 4
I L C 187 3 3.5 3 3 3.5 3
I L C 2 5 0 6 3 3 4 3 3 3
I L C 3 8 5 6 2,5 3 4 4 3 3.5
I L C 3 8 6 4 2.5 3 4 4 3 3
C o n t r o l
I L C 1 9 2 9
2 7 9 8 9 9 8
1. B a s e d on a 1-9 s c a l e , w h e r e 1 = no d i sease , 9 = c o m p l e t e d e a t h o f p l a n t s .
2 . S u s c e p t i b l e .
ods (0-30 days) and spore concen t ra t ions ( 0 . 0 5 -
7.5 m i l l i o n mL
- 1
) to i den t i f y l ines resistant under
d i f fe ren t cond i t i ons . The increase in 100% rela-
t ive h u m i d i t y f r o m 2 to 30 days and i n o c u l u m
concen t ra t i on f r o m 0.1 -7.5 m i l l i o n mL
- 1
 d i d no t
s ign i f i can t ly change the reac t ion o f I C C 3996
(desi) , I L C 72, 187, 200, and 3279 (a l l k a b u l i ) .
Blight severity and yield loss relationship. We
invest igated the re la t i onsh ip between ascochyta
b l i gh t sever i ty ( o n a 1-9 scale) and y ie ld loss in a 
f ie ld t r i a l w i t h 16 k a b u l i and 4 desi l ines. T h e t r i a l
was sown in the w in te r season at T e l H a d y a in a 
sp l i t -p lo t design w i t h genotypes as subp lo ts and
protected and diseased t rea tments as m a i n p lo ts .
O u r results ind ica ted that the loss in y ie ld o f
k a b u l i l ines rated as resistant (1-3) or modera te l y
resistant (4) is m i n i m a l but in desi l ines it is
substant ia l (Tab le 21).
In ano the r t r i a l we est imated the y ie ld loss o f
12 k a b u l i and 6 desi l ines rated as resistant or
modera te ly - res is tan t . In k a b u l i l ines rated as res-
is tant or modera te ly - res is tan t , there was no loss
in y i e l d ; in fact a s l ight increase was observed. In
desi l ines rated as modera te ly - res is tan t , the y ie ld
loss was substant ia l (Tab le 22).
T a b l e 2 1 . Ascochyta b l ight severi ty and y ie ld loss re la t ionship in k a b u l i and desi chickpeas,
S y r i a , w i n t e r 1 9 8 3 / 8 4 .
Tel Hadya,
B l i g h t s e v e r i t y
c a t e g o r y
1
Y i e l d ( k g h a - ' )
Yield loss
(%)P l a n t t y p e E n t r i e s P r o t e c t e d D i s e a s e d
R e s i s t a n t
M o d e r a t e l y res i s tan t
T o l e r a n t
S u s c e p t i b l e
C V (%)
K a b u l i
D e s i
K a b u l i
D e s i
K a b u l i
D e s i
K a b u l i
4
1
6
2
2
1
4
1 4 4 0
2 2 5 0
2 1 6 0
2 2 0 0
2 5 4 0
2 6 4 0
2 5 2 0
1 4 0 0
1 2 4 0
2 0 3 0
1 1 8 0
2 0 4 0
1 3 6 0
0
15
2.8
44.9
6.2
46.4
19.5
48.6
100.0
1. C a t e g o r i e s b a s e d on a 1-9 s c a l e , w h e r e 1 -3 = r e s i s t a n t , 4 = m o d e r a t e l y r e s i s t a n t , 5 = t o l e r a n t , a n d 6 - 9 = s u s c e p t i b l e .
+ 1 1 4
+ 2 2 8
+ 9 3
+ 1 6 1
+ 1 6 1
+ 2 2 8
+ 1 1 4
+ 2 2 8
+ 9 3
+ 1 6 1
+ 1 6 1
+ 2 2 8
+ 1 1 4
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Epidemiology. We con t i nued f o r the 2nd year
a f ie ld expe r imen t designed to s tudy deve lop-
ment o f ascochyta b l i gh t i n re la t i on to tempera -
tu re and re lat ive h u m i d i t y . T h e results o f the
1984 exper imen t were s im i la r to those ob ta ined
in 1983. T e m p e r a t u r e and re lat ive h u m i d i t y ,
b o t h had an i m p o r t a n t in f luence on b l i gh t deve l -
o p m e n t . B l i g h t star ted b u i l d i n g up r a p i d l y w h e n
the da i l y mean tempera tu re rose above 10° C and
re lat ive h u m i d i t y rema ined above 6 0 % ( F i g . 4) .
These cond i t i ons preva i led in the f i rs t week o f
Feb rua ry , 1984.
Integrated control . We have a t t emp ted to
deve lop in tegrated c o n t r o l o f ascochyta b l i gh t .
We used f ung i c i da l app l i ca t i on in c o n j u n c t i o n
w i t h a disease-tolerant cu l t i va r . Ear l ie r tests had
ind ica ted tha t f ung ic ida l sprays used on a sus-
cept ib le cu l t i va r are uneconomica l ; however ,
they are economica l i f the cu l t i va r is t o le ran t .
Figure 4. Ascochyta blight severity rating (1-9 scale) for three chickpea cultivars in relation to temperature (° C) and
relative humidity (RH%) , blight epidemiology trial, Tel Hadya, Syria. 1983/84.
T a b l e 2 2 . E s t i m a t i o n o f y ie ld loss ( % ) due to b l ight in resistant and moderate ly - res is tant k a b u l i and desi
chickpea l ines, T e l H a d y a , S y r i a , w i n t e r 1 9 8 3 / 8 4 .
B l i g h t s e v e r i t y
c a t e g o r y
Y i e l d ( k g ha
- 1
)
Y i e l d dec rease
o r i nc rease
(%)P l a n t t y p e E n t r i e s P r o t e c t e d D i s e a s e d
R e s i s t a n t K a b u l i
D e s i
M o d e r a t e l y r e s i s t a n t K a b u l i
D e s i
S u s c e p t i b l e K a b u l i
S E f o r c o m p a r i n g :
m a i n p l o t a t s a m e s u b p l o t l e v e l
s u b p l o t a t s a m e m a i n p l o t l eve l
C V (%)
5
3
7
3
1
1 9 4 0
2 2 9 0
1910
2 5 7 0
2 7 9 0
+ 2 5 4
+ 5 5 6
15.1
2 0 5 0
2 0 7 0
1 9 9 0
1 5 0 0
0 '
+ 5 .6
- 9 . 6
+ 4 . 0
- 4 1 . 4
- 1 0 0 . 0
1 . N o t i n c l u d e d i n c a l c u l a t i o n o f S E .
J a n F e b M a r A p r M a y
1 9 8 4
100
90
80
70
60
22
21
20
19
18
17
16
15
14
13
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11
10
9
8
7
6
8
7
6
5
4
3
2
1
0
T °C
RH%
ILC 464
ILC 482
ILC 3279
9
160 Chickpea 
T h e results o f a f ie ld t r i a l conduc ted f o r the 3 rd
season us ing to le ran t cu l t i va r , I L C 482 w i t h f o l -
i a r sprays o f c h l o r o t h a l o n i l showed t ha t t w o
sprays, one at the seedl ing stage and the o the r
e i ther a t the ear ly - or l a t e - p o d d i n g stages, p re -
vented any y ie ld loss. S p r a y i n g a t seedl ing and
e a r l y - p o d d i n g stages s ign i f i can t l y reduced the
extent o f p o d i n fec t i on (Tab le 23). S p r a y i n g a t
the e a r l y - p o d d i n g stage also reduced the ex ten t
o f seed i n fec t i on . S p r a y i n g a t seedl ing and p o d -
d i n g stages a lone d i d no t increase y ie ld . In the
ear l ier exper iments a response was ob ta ined to
spray ing at e a r l y - p o d d i n g stage a lone. Th is sea-
son the disease sever i ty in the vegetat ive stage
was h igher and p o d i n fec t i on was lower t h a n in
prev ious years. T h e h igher p o d i n fec t i on w i t h
spray ing at the seedl ing stage, and seedl ing and
la te -podd ing stages seemed to be due to ear ly
f l o w e r i n g o f the c rop in those t rea tments tha t
co inc ided w i t h f avou rab le cond i t i ons f o r b l i gh t
i n fec t i on .
Effect of planting method and fungicidal seed-
dressing on plant stand and yield. A f ie ld
expe r imen t to s tudy the effect o f r idge o r f l a t
p l a n t i n g a n d f ung i c i da l seed-dressing on p lan t
stand and y ie ld o f ch ickpeas was conduc ted in
the spr ing season a t T e r b o l in L e b a n o n f o r the
3rd year. T h e results o f the expe r imen t c o n -
f i r m e d the ear l ier f i nd ings tha t r idge p l a n t i n g
improves the s tand and y ie ld o f sp r i ng -sown
chickpeas and also f ung i c i da l seed-dressings,
such as cap tan and m e t a l a x y l ( R i d o m i l ®) s ign i f -
i can t l y increase stands and y ie lds (Tab le 24).
Host range of cyst and lesion nematodes. A 
t o t a l o f 46 c r o p species c o m m o n to the M e d i t e r -
ranean reg ion were tested against cyst (Heterod-
era sp), and les ion (Praty lenchus thornei) 
nematodes to de te rm ine the i r host range. We
tested f o r the cyst nematode in a r t i f i c i a l l y - i n -
fested so i l in pots in a p last ic house, and f o r
les ion nematode in a na tu ra l l y - in fes ted f ie ld
p lo t . Cyst nematode in fes ta t ion was observed
o n l y on ch ickpea , l en t i l , Lathyrus, peas, soy-
bean , lup ines , Phaseolus beans, medics , and
vetch i nd i ca t i ng tha t its host range is con f i ned to
legumes. Howeve r , i t d i d no t infest faba bean
(Vicia faba). The host range of the lesion nema-
tode was m u c h w ide r and i t infested legumes,
cereals, and some cruc i fe rous crops. H o w e v e r , i t
d i d no t infest La thy rus .
Screening for resistance. In a p r e l i m i n a r y
greenhouse eva lua t i on , we screened 290 geno -
types o f ch ickpea us ing soi l in pots a r t i f i c i a l l y
T a b l e 2 3 . Ef fect o f ch loro tha lon i l fo l ia r sprays on ascochyta b l ight severi ty and y ie ld ( k g h a
- 1
) o f the b l ight -
to lerant chickpea cul t ivar I L C 4 8 2 , T e l Hadya , S y r i a , w i n t e r 1 9 8 3 / 8 4 .
N u m b e r a n d
t i m e o f s p r a y
B l i g h t s e v e r i t y
1
 o n
v e g e t a t i v e p a r t s
Y i e l d
( k g h a
- 1
)
D a y s t o 5 0 %
f l o w e r i n g
N o s p r a y s 5.3 1 5 7 0 127
2 s p r a y s
SS
2
 + E P S
2 3 2 6 0 0 124
2 s p r a y s
SS + L P S
2
C o m p l e t e
p r o t e c t i o n
4 . 3
3
2 2 6 0
2 3 3 0
125
127
SE
C V (%) 13 .2 16.9 0 .8
1. B a s e d on a 1-9 s c a l e , w h e r e 1 = no d i sease , 9 = p l a n t s c o m p l e t e l y k i l l e d .
2 . S S = S e e d l i n g s tage , E P S = E a r l y p o d d i n g s tage , L P S = L a t e p o d d i n g s tage .
+ 1 9 5 + 0 . 6+ 0 . 3
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T a b l e 2 4 . Ef fect o f p lant ing method and fungicidal seed-dressing on p lant stand and y ie ld ( k g h a
- 1
) o f
chickpea a t T e r b o l , L e b a n o n , spr ing 1 9 8 4 .
F u n g i c i d a l
t r e a t m e n t
P l a n t s t a n d ( 2 0 0 ) Y i e l d ( k g h a
- 1
)
F l a t R i d g e F l a t R i d g e
R i d o m i l
®
c a p t a n
C o n t r o l
133
140
83
148
142
130
2 3 8 0
2 3 2 0
1 6 8 0
2 6 5 0
2 6 1 0
2 5 5 0
S E f o r c o m p a r i n g :
m e t h o d s a t s a m e t r e a t m e n t l eve l
t r e a t m e n t s a t s a m e m e t h o d
+ 1 3 . 2
+ 1 3 . 0
+ 2 1 9
+ 2 1 1
C V (%) 13.1 12.3
infested w i t h cyst nematode (Heterodera rosii). 
These genotypes m a i n l y consisted o f ascochyta
b l ight - res is tant k a b u l i and desi g e r m p l a s m
accessions and newly -deve loped k a b u l i l ines.
Twenty -seven l ines were ra ted 4 and less on a 
0-10 scale, where 0=no damage and 10= c o m -
plete ly k i l l ed .
One hund red ascochyta b l ight - res is tant l ines
were evaluated f o r resistance in a f ie ld in fested
w i t h lesion nematodes. The nematode p o p u l a -
t i o n in the p lo t before sow ing ranged f r o m 101 to
969/500cc o f so i l . N o t m u c h v a r i a t i o n i n the
extent o f damage was observed between
genotypes.
P a k i s t a n
W i t h f i nanc ia l assistance f r o m the As ian D e v e l -
opmen t Bank ( A D B ) and i n c o o p e r a t i o n w i t h
the N a t i o n a l A g r i c u l t u r a l Research Center
( N A R C ) , I s l amabad , we in i t ia ted w o r k on the
deve lopmen t o f h igh -y ie ld ing ch ickpeas w i t h a 
h igh level o f resistance to ascochyta b l i gh t .
Ten y ie ld t r ia ls were sown in N o v e m b e r a t the
N A R C , o f w h i c h f ive were P r e l i m i n a r y Y ie l d
Tr ia l s ( P Y T ) , t w o A d v a n c e d Gene ra t i on Y i e l d
T r i a l s , t w o M a j o r Y ie ld T r i a l s , a n d one a 
N a t i o n a l U n i f o r m Y ie l d T r i a l . These t r ia ls
inc luded desi and k a b u l i types of a b o u t 15 selec-
t i ons , each of w h i c h was sown in 4-6 rows 1 m 
l o n g , rep l icated f o u r t imes, i n r a n d o m i z e d c o m -
I C R I S A T hosted the A n n u a l Ch i ckpea Scient-
ists' M e e t a t I C R I S A T Center , 15-17 F e b r u a r y .
There were 36 pa r t i c i pan ts f r o m six coun t r i es : 1 
each f r o m Bang ladesh, E t h i o p i a , and N e p a l , 2 
Chickpea Scientists' Mee t
Workshops, Conferences,
and Seminars
plete b l ock designs. The N a t i o n a l U n i f o r m Y i e l d
T r i a l was sown a t 20 loca t ions t h r o u g h o u t P a k -
is tan us ing 14 select ions, made by va r i ous
research centers in Pak is tan . Po ten t i a l l y -
p r o m i s i n g mater ia ls were sent to va r i ous
research centers in the prov inces o f Pak i s tan f o r
eva lua t i on under loca l cond i t i ons . T h e ma te r i a l
i nc luded segregat ing popu la t i ons as we l l as
select ions/var ie t ies p roduced a t N A R C , I C R I -
S A T a n d / o r I C A R D A . A p a r t f r o m these, v a r y -
i ng numbers o f F 1 , F 2 , F3 , and F 4 p o p u l a t i o n s
f r o m N A R C , I C R I S A T , and I C A R D A were
sown in unrep l i ca ted single rows f o r f u r t h e r
select ion.
Single rows of over 2000 ge rmp lasm acces-
sions were sown i n N o v e m b e r a t N A R C f o r
screening against ascochyta b l i gh t . S ingle rows
of a b o u t 5000 ge rmp lasm accessions were also
sown a t N A R C f o r screening against Heliothis 
armigera.
162 Chickpea 
each f r o m Pak i s tan a n d B u r m a , and 2 9 f r o m
I n d i a . Th ree members o f the I C R I S A T E x t e r n a l
P r o g r a m Rev iew Pane l a lso met w i t h the v i s i t i ng
scientists.
I C R I S A T ch ickpea breeders presented the i r
w o r k on d i f f e ren t aspects o f b reed ing . P a r t i c i -
pants then made a f ie ld t o u r o f the ch ickpea
exper imen ts conduc ted by the Pulses I m p r o v e -
men t a n d F a r m i n g Systems P r o g r a m s a n d the
Genet ic Resources U n i t .
T h e scientists spent three ha l f -day sessions in
the ch ickpea f ie lds and made 1172 select ions.
Seed of the entr ies selected f o r sow ing in the
c o m i n g s e a s o n i s b e i n g p r e p a r e d f o r
d i s t r i b u t i o n .
In a d iscuss ion session on 'Re la t i onsh ips of
d isc ip l ines t o b reed ing ' , I C R I S A T scientists
emphasized the i m p o r t a n c e and c o n t r i b u t i o n s o f
a range o f d isc ip l ines to the b reed ing p r o g r a m .
Consultants Workshop on Adapta t ion of
Chickpea and Pigeonpea for Tolerance to
Abiot ic Stresses
Th is w o r k s h o p was he ld a t I C R I S A T Center ,
19-21 December to rev iew the cu r ren t k n o w l -
edge on ch ickpea and p igeonpea to lerance to
such ab io t i c stresses as wate r ( d r o u g h t and
wate r logg ing ) , sa l in i t y , p H , and o thers , a n d t o
f o r m u l a t e a p r o g r a m o f f u t u r e w o r k . F ive c o n -
su l tants f r o m f o u r coun t r ies and I C R I S A T staf f
pa r t i c i pa ted .
T h e meet ing f o u n d a need f o r a p r o p e r assess-
ment o f the m a g n i t u d e , and t i m i n g o f occur rence
of d i f fe ren t types o f stresses, and the re la t ive
losses in y ie ld tha t they induce in these t w o c rops
i n d i f fe ren t reg ions. Discuss ions on d r o u g h t
were a r o u n d three m a j o r po in t s : c l i m a t o l o g i c a l
q u a n t i f i c a t i o n , c r o p management strategies i n
d r o u g h t e n v i r o n m e n t s , a n d c r o p i m p r o v e m e n t
f o r d r o u g h t to le rance. W a t e r l o g g i n g , sa l i n i t y ,
and l o w p H p rob lems were discussed i n d e p t h , i n
te rms o f the re la t ive mer i ts o f a m e l i o r a t i o n , o r
c rop i m p r o v e m e n t strategies to cope w i t h the
p r o b l e m .
I t was apparen t f r o m the de l ibe ra t ions t h a t
very l i m i t e d i n f o r m a t i o n i s ava i lab le on the
response to d r o u g h t a n d o the r stresses in b o t h
the c rops , a n d on d r o u g h t i n p igeonpea i n p a r t i c -
u la r . Proceedings are in p r e p a r a t i o n a n d w i l l be
ava i lab le f r o m I n f o r m a t i o n Services, I C R I S A T .
Looking Ahead
W e w i l l s tar t w o r k o n new levels i n e n v i r o n m e n t s
w i t h cons t ra in ts o f so i l and c l ima te . Geno types
adap ted to h i g h i npu ts o f fer t i l i zers and wa te r
w i l l b e i den t i f i ed . W e w i l l i n tens i fy o u r w o r k o n
to lerance to d r o u g h t , sa l in i t y , and p l an t s tand
estab l ishment unde r l i m i t e d seedbed m o i s t u r e
and w i l l invest igate i n de ta i l i n te rac t ions
between soi l mo i s tu re and n u t r i e n t u p t a k e .
We w i l l i n i t i a te studies on p o p u l a t i o n changes
o f ch ickpea r h i z o b i a i n so i l p ro f i l es over t i m e ,
a n d o n the effect o f d e p t h o f s o w i n g o n n o d u l a -
t i o n pa t te rns . T h e res idua l effects o f ch ickpea in
s u p p l y i n g n i t r ogen to succeeding crops w i l l a lso
be s tud ied . We w i l l make an assessment o f the
p o t e n t i a l f o r m y c o r r h i z a l i n o c u l a t i o n o f
ch ickpea .
W o r k on the phys io log i c races o f Fusarium 
oxysporum f .sp ciceri w i l l be in tens i f i ed . Breed-
i ng f o r m u l t i p l e disease resistance w i l l receive
greater a t t e n t i o n .
Progenies o f crosses in tended to c o m b i n e re-
sistances to b o t h Heliothis armigera and fusa-
r i u m w i l t are n o w be ing screened. Select ions
shou ld be ava i lab le f o r m u l t i l o c a t i o n a l tes t ing
w i t h i n the nex t 3 years.
Emphas is w i l l con t i nue on b reed ing f o r
i m p r o v e d and stable y ie ld po ten t i a l by i n c o r p o -
r a t i n g genet ic resistance to va r i ous b i o t i c and
ab io t i c stress fac tors . Genotypes tha t c o m b i n e
m u l t i p l e disease and insect resistance shou ld
soon be ava i lab le f o r m u l t i l o c a t i o n a l tes t ing .
T h e w o r k t o i den t i f y and breed genotypes
adap ted to n o n t r a d i t i o n a l s i t ua t i ons , such as
ear ly s o w i n g i n pen insu la r I n d i a , a n d late s o w i n g
a n d h igh - i npu t c o n d i t i o n s i n n o r t h e r n I n d i a , w i l l
con t i nue . I t i s i n tended to c o n t i n u e in te rc ross ing
in selected m i d - t a l l , mu l t i seeded , and d o u b l e -
p o d d e d l ines a n d to i n c o r p o r a t e these charac te r -
ist ics i n t o i m p r o v e d backg rounds i n o rde r t o
i m p r o v e ex i s t i ng y ie ld levels.
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T h e A s i a n R e g i o n a l G r a i n Legume P r o g r a m
and the A D B - s u p p o r t e d ch ickpea i m p r o v e m e n t
pro jec t in Pak is tan w i l l he lp s t rengthen ch ickpea
research i n Bang ladesh, B u r m a , N e p a l , and P a k -
i s tan , and poss ib ly in a few Southeast A s i a n
count r ies .
T h e emphasis o f o u r b reed ing p r o g r a m a t
l C A R D A w i l l con t i nue t o b e o n deve lop ing l ines
f o r w i n t e r a n d sp r i ng sow ing w i t h h i g h y i e l d ,
large k a b u l i seed type , ta l l s ta ture , d i f fe ren t
ma tu r i t i es , and b l igh t resistance. I n a d d i t i o n to
b l i gh t resistance, deve lopment o f l ines w i t h t o l -
erance to Orobanche sp, c o l d , w i l t , leaf m ine r ,
and nematodes is necessary.
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- 1
 in two harvests.
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PIGEONPEA
T h e Pulses I m p r o v e m e n t P r o g r a m c o n t i n u e d t o
deve lop genetic s tocks, b roadbased p o p u l a t i o n s ,
l ines, and cu l t i va rs o f shor t - , m e d i u m - , and l o n g -
d u r a t i o n p igeonpea, w i t h a v iew to p r o v i d i n g
h igher and m o r e stable y ie lds in the S A T . T h i s
repor t covers da ta co l lected in 1984, m o s t l y f r o m
crops sown in 1983.
O u r act iv i t ies were concent ra ted a t three loca -
t ions : I C R I S A T Center a t P a t a n c h e r u ( 1 8 ° N ,
7 8 ° E , 800 m m mean a n n u a l r a i n fa l l ) , where
emphasis was on m e d i u m - d u r a t i o n types f o r
i n t e r c r o p p i n g w i t h m a j o r cereals i n cen t ra l and
pen insu la r I n d i a ; H i sa r ( 2 9 ° N , 7 5 ° E , 450 m m
ra in fa l l ) , where s h o r t - d u r a t i o n types were
researched as sole crops w i t h l im i t ed i r r i g a t i o n in
p igeonpea-wheat r o t a t i o n s , a new c r o p p i n g sys-
tem fo r no r t hwes te rn I n d i a ; and G w a l i o r ( 2 6 ° N ,
7 8 ° E , 840 mm ra in fa l l ) , where emphasis was on
l o n g - d u r a t i o n types f o r i n t e r c r o p p i n g i n the
I n d o - G a n g e t i c P l a i n .
R a i n f a l l a t I C R I S A T Center and G w a l i o r
d u r i n g 1983/84 was genera l ly f avo rab le f o r c r o p
g r o w t h , bu t the weather was a b n o r m a l l y d r y a t
H isar . A t H i s a r the c rop had unusua l l y h i g h
insect damage and a t G w a l i o r the c r o p suf fered
f r o m f ros t .
de te rm ine the y ie ld p o t e n t i a l o f ear ly p igeonpea ,
we conduc ted exper imen ts a t I C R I S A T Cente r
t o de te rm ine o p t i m u m p lan t densi t ies, s o w i n g
date , and i r r i g a t i o n reg ime.
O n a n A l f i s o l , the cu l t i va rs I C P L 4 , I C P L 8 1 ,
and I C P L 87 were each g r o w n a t 20 , 36, and 56
p lants m
- 2
. The re were t w o i r r i g a t i o n t r ea tmen ts ,
zero and o p t i m a l . The c rop was s o w n on 23
June , 1983. R a i n f a l l was adequate , so i r r i g a t i o n
was n o t necessary u n t i l a f ter the f i rs t harvest . In
ano the r expe r imen t on a Ve r t i so l , I C P L 81 a n d
I C P L 87 were g r o w n a t the same three p l an t
densit ies bu t there were three s o w i n g dates, 28
June , 27 J u l y , and 22 A u g u s t . No i r r i g a t i o n
t rea tments were imposed on th is so i l .
Y i e l d o f the June s o w i n g on the A l f i s o l was
genera l ly greater t h a n on the V e r t i s o l (F igs . 1 
and 2). O n the A l f i s o l , m a x i m u m y ie ld o f b o t h
I C P L 81 a n d I C P L 87 was ob t a i ned a t 36 p lan ts
m
- 2
 whereas the y ie ld o f I C P L 4 was h ighest a t 56
p lants n r
2
 ( F i g . 1). I r r i g a t i o n benef i ted the 2nd
f l ush y ie ld o n l y i n I C P L 87. O n the V e r t i s o l ,
closer spac ing genera l ly increased y ie ld bu t i t
m a r k e d l y decreased y ie ld a t later sowings ( F i g .
2). P o d f l y {Melanagromyza obtusa) damage
l i m i t e d 2nd-harves t y ie lds and prevented a 3 r d
harvest . Nevertheless, the t o t a l y ie ld o f I C P L 87
on the A l f i s o l w i t h o u t i r r i g a t i o n s t i l l reached
3500 kg ha
- 1
. T h e results c lear ly demons t ra te the
need f o r ear ly sow ing and h i g h p lan t densi t ies to
op t im i ze y ie ld in these c r o p p i n g systems.
Physical Stresses
In tensive C r o p p i n g o f E a r l y
P igeonpea
Ear ly p igeonpea produces s im i la r f i rs t -harves t
y ie lds i n b o t h pen insu la r and n o r t h e r n I n d i a .
H o w e v e r , because o f m i l de r w in te rs in pen insu -
la r I nd ia and the perenn ia l na tu re o f p igeonpea,
r a t o o n harvests may be taken in th is reg ion
( I C R I S A T A n n u a l R e p o r t 1983, p.171). T h u s
t o t a l y ie lds f r o m m u l t i p l e harvests o f ear ly c u l -
t i vars may exceed y ie lds o f m e d i u m - d u r a t i o n
cu l t i va rs adap ted t o pen insu la r I n d i a . I n o rde r t o
S c r e e n i n g f o r S a l t T o l e r a n c e
Even t h o u g h we have deve loped a f i e l d -
screening m e t h o d to i den t i f y p igeonpea geno -
types to le ran t t o so i l sa l in i ty ( I C R I S A T A n n u a l
R e p o r t 1979 /80 , p.108), f ie ld he terogene i ty l i m -
its the n u m b e r o f l ines t ha t can be s imu l t ane -
ous ly screened. We have there fo re evo lved a 
po t -sc reen ing techn ique to detect geno typ i c d i f -
ferences at the seedl ing stage. T h e techn ique
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Figure 1 . Gr a in yield (kg ha
- 1
) f r o m 1st and 2nd harvests of three early pigeonpea cult ivars g rown at three plant
densities o n a n Al f isol , I C R I S A T Center , 1 9 8 3 / 8 4 .
i nvo lves m i x i n g sa l i ne /a l ka l i ne soi ls w i t h n o r -
m a l so i l t o achieve the requ i red e lec t r ica l c o n -
d u c t i v i t y . U n i f o r m so i l m i x t u r e s can t hen be
added to pots a l l o w i n g large n u m b e r s o f geno -
types to be screened. D i f fe rences in sa l i n i t y t o le r -
ance o b t a i n e d by th is m e t h o d are o f the same
orde r as p rev ious l y ob ta i ned i n the f i e l d ; f o r
e x a m p l e , C 11 is a t o l e r a n t , a n d Hy 3C a suscep-
t i b le cu l t i va r .
Response to P h o s p h o r u s
Prev ious f i e ld studies have s h o w n tha t p i g e o n -
pea does n o t respond to p h o s p h o r u s , e i ther
sprayed o n t o leaves ( I C R I S A T A n n u a l R e p o r t
1979 /80 , p . 107) o r app l i ed t o so i l ( I C R I S A T
A n n u a l R e p o r t 1981 , p . 138), i n soi ls w i t h
m e d i u m levels o f ava i lab le p h o s p h o r u s . H o w -
ever, i n a p o t e x p e r i m e n t w i t h an A l f i s o l
Figure 2. G r a i n yield ( kg ha
- 1
) f r o m 1st and 2nd harvests of two early pigeonpea cultivars g rown at three p lant
densities and three sowing dates on a Ver t iso l , I C R I S A T Center , 1 9 8 3 / 8 4 .
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Figure 3. Changes in plant height ( cm) of pigeonpea
cult ivar I C P L 6 over t ime wi th 0 and 80 p p m phospho-
rus appl ied to an Al f isol in pots, I C R I S A T Center,
1984.
c o n t a i n i n g < 1 . 5 p p m O l s e n - a v a i l a b l e
p h o s p h o r u s , we ob ta ined a s ign i f i can t response
to soi l a p p l i c a t i o n o f 80 p p m p h o s p h o r u s i n
I C P L 6 ( F i g . 3). T h e response showed in ear ly
g r o w t h , before roo ts w o u l d have been able to
f u l l y e x p l o i t the so i l mass in the po t , and in tens i -
f ied w i t h t ime . T h e absence o f app l i ed p h o s p h o -
rus delayed m a t u r i t y by 9-10 weeks and lowered
seed y ie ld f r o m 14.9 to 1.2 g p l an t
- 1
. Th i s resul t
h igh l igh ts the need f o r f u r t h e r studies o f the
in te rac t ions between p h o s p h o r u s n u t r i t i o n and
o ther possib le l i m i t i n g fac to rs , such as so i l -water
status.
Fusar ium Wi l t (Fusarium udum) 
Screen ing f o r resistance. We c o n t i n u e d t o
screen ge rmp lasm accessions, progen ies , and
advanced l ines i n w i l t - s i ck p lo ts a t I C R I S A T
Center to i den t i f y w i l t - res is tan t accessions and
l ines. M a t e r i a l was screened in w i l t - s i ck p lo ts on
Ver t iso ls and A l f i so l s where suscept ib le c o n t r o l
l ines showed m o r e t h a n 8 0 % w i l t inc idence. We
selected l ines s h o w i n g less t h a n 2 0 % w i l t in the
f i r s t screening and less t h a n 10% in subsequent
screens. A set of 363 new g e r m p l a s m accessions
received f r o m o u r Genet ic Resources U n i t was
screened in the w i l t - s i ck p lo t . Of these, 15 acces-
sions showed less t h a n 10% w i l t . Of the 129
g e r m p l a s m select ions (1982 /83 ) screened in w i l t -
sick p lo ts on an A l f i s o l , f o u r , I C P 7445, 7490,
7789, and 12082, were f o u n d resistant . F i f t een
selections f r o m crosses between I C P 616, 1680,
4784, 6654, 6974, 11308, 11368, and 11405
showed resistance to w i l t f o r the 3 rd consecut ive
year.
Of the 20 Heliothis-resistant select ions
screened, 10 showed less t h a n 10% w i l t . T h e y
were I C P 3700, 4769, 5036, 5498, 5651-1-530,
6 8 3 1 , 7194-1-540, 7998, 7445-E3, and GW 3 .
A large a m o u n t o f b reed ing m a t e r i a l , i n c l u d -
i n g F2 , F3 , and F 5 p o p u l a t i o n s , F 3 s ing le -p lan t
progenies, F 5 bu lks and advanced l ines, entr ies
inc luded i n the M e d i u m - M a t u r i t y P igeonpea
W i l t Resistant L ines Y ie l d Test ( M P W R Y ) , and
M e d i u m - M a t u r i t y P igeonpea Unselected Bu l ks
( M P U B ) , were screened i n the w i l t - s i ck p lo t . I n
M P W R Y , I C P L 335 showed l o w w i l t inc idence
(1 .6%) , and in the l a te -ma tu r i t y advanced l ines,
lCP 8131-B-B - G B - G B rema ined w i l t - f ree .
P r o m i s i n g mater ia ls were advanced f o r f u r t h e r
test ing.
Pigeonpea wilt is seedborne. We repor ted ear-
l ier (Pulse P a t h o l o g y (P igeonpea) R e p o r t o f
W o r k , 1982/83) t ha t F. udum, the pa thogen
caus ing p igeonpea w i l t , c o u l d n o t be iso lated
f r o m seeds o f I C P 1 , 2 3 1 , 2376, 6997, and L R G
30, a l l h i gh l y suscept ible to w i l t . La te r we
detected the fungus in seeds of w i l t - t o l e r a n t
p igeonpea l ines. F u r t h e r studies c o n f i r m e d tha t
F, udum is i n te rna l l y seedborne in B D N 1, I C P
1903, and I C P X 78148. These results i nd ica ted
tha t F. udum is n o t seedborne in a l l p igeonpea
cu l t i va rs . We are s tudy ing the effects o f f u n g i c i -
da l seed t rea tments to eradicate the i n te rna l
seedborne i n o c u l u m .
Sterility Mosaic
Nature of the causal agent. We con t i nued o u r
ef for ts to de te rm ine the na tu re o f the pa thogen
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caus ing s te r i l i t y mosa ic ( S M ) disease us ing sev-
era l new e x t r a c t i o n med ia a n d p u r i f i c a t i o n
procedures . As i n the past , l o n g , t h i n , f l e x u o u s ,
rod -shaped , v i rus - l i ke par t ic les were observed
bu t o n l y in a few p a r t i a l l y - p u r i f i e d p repa ra t i ons .
Resul ts o f sero log ica l tests o f the c rude sap and
p a r t i a l l y - p u r i f i e d p r e p a r a t i o n s f r o m S M -
af fected leaves w i t h ant isera o f t w o c l os te rov i -
ruses (app le c h l o r o t i c leaf spot and app le
s t e m - g r o o v i n g viruses) were negat ive. Sap t rans -
m iss ion o f S M pa thogen was aga in unsuccessfu l .
Heal thy mite colony. A hea l thy ( p a t h o g e n -
free) c o l o n y o f Aceria cajani, vec tor o f the SM
pa thogen , was successfully ma in ta ined on
B D N 1 , a h igh ly -suscept ib le p igeonpea cu l t i va r .
N o S M s y m p t o m s were p roduced .
M i t e mult ipl icat ion. M i t e s were unab le t o m u l -
t i p l y on three o f the 10 SM- res is tan t and one o f
the f o u r S M - t o l e r a n t p igeonpea l ines. M i t e s i n
l o w numbers were detected on the r e m a i n i n g
seven SM- res i s tan t a n d three S M - t o l e r a n t l ines.
O f the f o u r SM-suscep t ib le lines tested, B D N 1 
suppo r t ed m a x i m u m m i te p o p u l a t i o n (3.5 mi tes
c m "
2
 l ea f area) f o l l o w e d by I C P 1 (1.5 m i tes ) ,
T 21 (1.1 mi tes) , and C 11 (0.2 mi tes) . N o n e of the
f o u r SM- res i s t an t Atylosia spp tested a l l o w e d
a n y m i te m u l t i p l i c a t i o n ; however , o n l y one o f
the three SM-suscep t i b l e Atylosia spp , A. caja-
nifolia , t ha t showed severe mosa ic s y m p t o m s ,
suppo r ted m i t e m u l t i p l i c a t i o n .
M i t e survival during the summer season. In
the past we f o u n d tha t mi tes were unab le to
surv ive on p igeonpea d u r i n g the h o t s u m m e r
season a t I C R I S A T Center . As a resu l t o f obser-
va t ions on several poss ib le p l an t species, we
f o u n d t ha t mi tes c o u l d su rv i ve o n leaves o f
A. scarabaeoides g r o w i n g unde r the shade of
m a n g o trees a n d near f l o o d e d r ice f ie lds , b u t no t
on those g r o w i n g in open f ie lds near m a n g o
trees. These mi tes were, however , non in fec t i ve .
T h i s c o n f i r m e d o u r ear l ie r observa t ions and
exper ience t ha t mi tes prefer a m o i s t a n d h u m i d
e n v i r o n m e n t f o r m u l t i p l i c a t i o n a n d su rv i va l . W e
w i l l c o n t i n u e to search f o r p l an t species on w h i c h
in fec t i ve mi tes can surv ive n a t u r a l l y i n the
s u m m e r season, to he lp us unde rs tand the
a n n u a l recurrence o f the disease.
Screening for resistance. As in 1983, we
screened a large a m o u n t of p igeonpea m a t e r i a l
i n c l u d i n g g e r m p l a s m accessions, p rogen ies , and
advanced l ines in the SM nursery , us ing the
in fec to r -hedge techn ique deve loped a t I C R I -
S A T Center .
We c o n f i r m e d resistance in 16 progenies f r o m
the 1979 resistant g e r m p l a s m accessions, 54 p r o -
genies f r o m the 1980 g e r m p l a s m select ions, 16
progenies f r o m the 1981 resistant g e r m p l a s m
accessions, and 100 accessions f r o m the 1982
g e r m p l a s m select ions. Of the 160 new g e r m -
p lasm accessions tested, 38 were free f r o m the
disease. N o n e of the 15 Heliothis- and p o d f l y -
resistant l ines tested f o r the f i rs t t ime was free
f r o m disease; o n l y one l ine ( I C P 4769) showed
Steri l i ty mosaic symptoms on pigeonpea, showing
susceptible plant ( r ight ) , stunted and wi thout f lowers
compared to resistant plant ( le f t ) .
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less t h a n 4 % S M . O f the f ive l ines selected f r o m
the 1980 and the 1981 A l l I n d i a C o o r d i n a t e d
V a r i e t a l T r i a l s ( A r h a r C o o r d i n a t e d T r i a l A C T ) ,
three ( A L 15, I C P L 235, and M A 97) were resis-
tan t t o S M . O n l y f o u r ( A r h a r 2 0 (105), Baha r ,
D A 1 1 , and M A 166) o f 9 1 entr ies i nc luded i n the
1983 A C T s were free f r o m the disease.
Phytophthora Blight (Phytophthora drechsleri 
f.sp cajani) 
Epidemio log ica l studies. W e s t u d i e d t he
spread o f f u n g a l i n o c u l u m by w i n d , sp lash ing
r a i n , and ra in water in the Phytophthora-
in fested disease nursery . Resul ts i nd i ca ted t ha t
w i n d and sp lash ing ra in c o n t r i b u t e to d ispersa l
o f the fungus i n o c u l u m w i t h i n a c r o p . A l s o r a i n
wa te r r u n n i n g t h r o u g h a Phytophthora-infested 
f ie ld m a y ca r ry the i n o c u l u m w i t h i t .
Phytophthora blight control by meta laxyl . We
tested three me thods o f a p p l y i n g m e t a l a x y l i n
d i f fe ren t f o r m u l a t i o n s o f R i d o m i l
®
 as seed
dress ing (SE) , so i l a p p l i c a t i o n ( S O ) , and spray
(SP) separate ly , and i n c o m b i n a t i o n , f o r the c o n -
t r o l o f p h y t o p h t h o r a b l i gh t . T h e expe r imen t was
conduc ted in 4 x 3m p lo ts ( f o u r 4 - m rows p l o t
- 1
)
in a f ac to r i a l design w i t h three rep l i ca t ions d u r -
i ng the 1983 ra i ny season in the I C R l S A T
mul t ip le-d isease nursery , where a h i g h and
u n i f o r m l y - d i s t r i b u t e d p o p u l a t i o n o f the P2
( H y d e r a b a d ) iso late o f the pa thogen i s k n o w n to
exist . T w o p igeonpea l ines, H y 3 C , suscept ib le ,
and I C P 1, t o l e ran t , to the P2 iso late o f Phy-
tophthora drechsleri f. sp cajani (Pdc ) were s o w n
in the t r i a l . The t rea tments were: seed dress ing
us ing a s l u r r y c o n t a i n i n g 5 g m e t a l a x y l act ive
ing red ien t (a. i . ) k g
- 1
 seed; so i l a p p l i c a t i o n in the
rows j u s t be fore s o w i n g at 12 g a . i . m e t a l a x y l as
granules p l o t
- 1
; a n d 500 m L sprays c o n t a i n i n g
1.5 g a . i . m e t a l a x y l p l o t
- 1
 app l i ed three t imes , at
40, 55, a n d 70 D A S .
As expec ted , m o r e severe b l i g h t was recorded
in Hy 3C t h a n i n I C P 1 p lo ts (F igs . 4 ,5,6, a n d 7).
Seed dress ing a lone was inef fec t ive in c o n t r o l -
l i n g the disease, as the progress o f the b l i g h t in
c o n t r o l p lo ts was s im i l a r t o tha t i n p lo ts w i t h
seed dress ing. T h e spray t r ea tmen t a lone , a n d in
c o m b i n a t i o n w i t h seed dress ing, was mos t effec-
t ive i n c o n t r o l l i n g b l i gh t . M e t a l a x y l w h e n a p -
p l ied as spray was m o r e ef fect ive on the t o l e ran t
l ine I C P 1 , where w e recorded a b o u t 2 3 % b l i gh t
c o m p a r e d t o 8 6 % i n the un t rea ted c o n t r o l .
Interact ion between mycorrhiza and P h y t o -
phthora. V e s i c u l a r - a r b u s c u l a r m y c o r r h i z a e
( V A M ) have been repo r ted to decrease disease
inc idence caused by so i l bo rne f u n g i . Gigaspora 
calospora, a species o f V A M iso la ted f r o m
pigeonpea, was tested f o r its effect on p h y t o -
p h t h o r a b l igh t deve lopment . T h e greenhouse
study inc luded i n o c u l a t i o n b y V A M a n d Pdc
separately and together ; a c o n t r o l w i t h o u t e i ther
V A M o r Pdc ; and t w o m o r e t rea tmen ts , ( f o r
detai ls see T a b l e 1 foo tno tes ) . T h e s tudy was
repeated us ing 10 g p o t
- 1
 press-dr ied myce l i a
(pressed w i t h a spatu la to d r a i n excess wa te r ) in
E x p t . 1 and 5 g po t "
1
 press-dr ied myce l ia in E x p t .
2. F ive seeds were sown in each po t . The re were
f o u r rep l ica t ions f o r each t rea tmen t a n d the pots
were r a n d o m l y p laced on greenhouse benches.
We recorded the n u m b e r o f seedlings t h a t
emerged and those w i t h b l i gh t .
I n E x p t . 1 , a l l the t rea tments i nocu la ted w i t h
Pdc a t the t ime o f s o w i n g had l o w seedl ing emer -
gence, i n d i c a t i n g h igh pre-emergence d a m p i n g -
o f f (Tab le 1). To achieve a bet ter emergence the
i n o c u l u m was reduced f r o m 10 g p o t
- 1
 to 5 g 
po t
- 1
 i n E x p t . 2 . I n b o t h the expe r imen ts , t rea t -
ments w i t h Pdc i n o c u l a t i o n (a lone , w i t h , o r f o l -
l o w e d by V A M ) a t s o w i n g had a h i g h percentage
o f b l i gh ted p lan ts , wh i l e t r ea tmen t w i t h V A M
app l ied a t s o w i n g a n d f o l l o w e d by Pdc had a 
l o w e r percentage o f b l i gh ted p lan ts . These
results are be ing checked in f u r t h e r expe r imen ts .
Breed ing fo r Disease Resistance
We screened p o p u l a t i o n s f r o m 40 crosses a n d
102 advanced l ines in the w i l t - s i ck nursery , f r o m
60 crosses and 356 advanced l ines in the SM
nursery , a n d f r o m 36 crosses and 103 advanced
l ines in the m u l t i p l e disease nursery . T h i s year we
concen t ra ted on crosses i n v o l v i n g l o n g - d u r a t i o n
p igeonpea. U s i n g l ine * tester m a t i n g designs we
made 18 crosses to i n c o r p o r a t e w i l t resistance
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Treatments
CH = contro l , nontreated.
SE = slurry seed dressing, 5 g a. i . meta laxy l ( R i d o m i l 7 2
®
 W P ) kg
- 1
 seed.
SO = soil appl icat ion, 12 g a. i . meta laxy l ( R i d o m i l 5 G
®
) p lo t
- 1
 as granules before sowing.
SP = 500 mL aqueous foliar spray 1.5 g a . i . meta laxy l ( R i d o m i l 7 2
®
 W P ) p lot
- 1
 a t 4 0 , 55 , and 70 D A S .
P lot size 4 x 3 in for al l t reatments.
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Figure 5 . Effect o f m o d e o f appl icat ion o f R i d o m i l
®
o n morta l i ty o f H y 3 C pigeonpea seedlings f r o m phy-
tophthora bl ight, I C R I S A T Center , 1984.
F igure 4 . Effect o f m o d e o f appl icat ion o f R i d o m i l
®
on the incidence of phytophthora blight in H y 3 C , a 
blight-susceptible pigeonpea cultivar, I C R I S A T Cen-
ter, 1984.
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Figure 7 . Effect o f m o d e of appl icat ion of R i d o m i l
®
on morta l i ty of pigeonpea I C P 1 seedlings f r o m phy-
to phthora bl ight, I C R I S A T Center , 1984.
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Figure 6 . Effect o f mode of appl icat ion of R i d o m i l
®
on the incidence of phytophthora blight in I C P 1 , a 
bl ight- tolerant pigeonpea cult ivar , I C R I S A T Center ,
1984.
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Tab le 1 . Effect of Phytophthora drechsleri f.sp cajani ( P d c ) and vesicular-arbuscular mycorrh iza ( V A M ) on
seedling emergence and incidence of phytophthora blight in pigeonpea cult ivar Hy 3 C . Greenhouse study,
I C R I S A T Center , 1 9 8 3 / 8 4 .
E x p t P E x p t 2
1
T r e a t m e n t
3
 E m e r g e d
2
 B l i g h t e d
2
E m e r g e d B l i g h t e d
C o n t r o l 18 0 18 0 
P d c 8 6 19 11
V A M 20 0 19 0 
P d c + V A M 12 8 19 13
P d c - V A M 1 2 1 0 19 13
V A M - P d c 20 3 20 9 
1. E x p t 1 : 10 g p o t
- 1
 Phytophthora m y c e l i u m a p p l i e d . E x p t 2 : 5 g p o t
- 1
 Phytophthora m y c e l i u m a p p l i e d . T o t a l o f 20 seeds s o w n
in 4 p o t s , 5 seeds p o t
- 1
 i n b o t h e x p e r i m e n t s .
2 . E m e r g e d = n u m b e r o f seed l ings e m e r g e d . B l i g h t e d = n u m b e r o f seed l ings s h o w i n g b l i g h t s y m p t o m s .
3 . C o n t r o l = N o P d c o r V A M . P d c = P d c a p p l i e d a t s o w i n g . V A M = V A M a p p l i e d a t s o w i n g . P d c + V A M = P d c a n d V A M
a p p l i e d a t s o w i n g . P d c - V A M = P d c a p p l i e d a t s o w i n g , V A M a p p l i e d 1 5 d a y s a f t e r s o w i n g ( D A S ) . V A M - P d c = V A M
a p p l i e d a t s o w i n g , P d c a p p l i e d 1 5 D A S .
and 24 crosses t o i n c o r p o r a t e SM resistance. We
also made 11 crosses or backcrosses f o r a s tudy
on the inher i tance o f a l te rna r ia b l i gh t resistance.
In y ie ld t r ia ls c o n t a i n i n g 18 M e d i u m -
M a t u r i t y P igeonpea Unselected B u l k ( M P U B )
p o p u l a t i o n s deve loped f r o m seed t aken f r o m
resistant p lan ts o f these p o p u l a t i o n s in the w i l t
nursery f o r 3 years, e ight p o p u l a t i o n s y ie lded on
average as m u c h o r m o r e t h a n the c o n t r o l I C P L
295 (Tab le 2). W h e n g r o w n in the w i l t - s i ck
nursery a t I C R I S A T Center a l l bu t one o f the 18
lines ou ty ie lded the c o n t r o l . On the basis o f the i r
y ie ld and w i l t resistance, n ine l ines have been
advanced f o r f u r t h e r t r ia ls . These b u l k s p r o v i d e
idea l m a t e r i a l f o r select ing h i g h - y i e l d i n g l ines
tha t have a h i gh p r o b a b i l i t y o f be ing w i l t -
resistant.
T h e M e d i u m - M a t u r i t y P igeonpea W i l t - R e -
s istant Y i e l d T r i a l ( M P W R Y ) was g r o w n a t f i ve
loca t ions . O f the 22 entr ies, 18 were I C R I S A T
l ines. I C P L 227 a n d 270 averaged 1660 a n d 1620
kg h a
- 1
 c o m p a r e d w i t h 1580 kg ha
- 1
 f o r the c o n -
t r o l , I C P L 131 (a C 11 select ion) unde r n o r m a l
f ie ld c o n d i t i o n s .
I n the M e d i u m - M a t u r i t y P igeonpea S te r i l i t y
M o s a i c Resis tant Y ie l d T r i a l ( M P S R Y ) 2 0 o f the
2 4 l ines were f r o m I C R I S A T Center . G o o d
results were ob ta i ne d f r o m three loca t ions .
Th ree l ines, I C P L 345, 8346, a n d 342, averaged
1695, 1605, and 1550 kg ha
- 1
 c o m p a r e d w i t h
1510 kg ha"
1
 f o r the c o n t r o l , I C P L 131 (a C 11
select ion) unde r n o r m a l f i e l d c o n d i t i o n s .
I n o u r advanced l ine test g r o w n unde r n o r m a l
f ie ld c o n d i t i o n s , e ight l ines y ie lded between 1240
and 2050 kg h a
- 1
, had seed size between 9.7 and
11.8 g / 1 0 0 seeds, and had 4 to 13 % w i l t in the
w i l t - s i ck p l o t . I n c o m p a r i s o n , the c o n t r o l I C P L
131 y ie lded 1100 kg h a
- 1
, had 10.8 g / 1 0 0 seeds,
and 5 9 % w i l t . These e ight l ines were advanced to
the M P W R Y .
These results suggest t ha t i t shou ld be possib le
to i den t i f y disease-resistant l ines w i t h y ie lds
c o m p a r a b l e to the c o n t r o l va r ie t y C 11 u n d e r
n o r m a l f ie ld c o n d i t i o n s even where there is l i t t l e
or no disease. U n d e r disease pressure the
disease-resistant l ines w i l l , o f course, have a 
m a r k e d advantage.
We c o n t i n u e d to stress the need f o r h i g h -
y i e l d i n g s h o r t - d u r a t i o n l ines w i t h S M resistance
as present ly no released ex t ra -ea r l y var iet ies
have resistance to th is disease. Of 128 advanced
resis tant l ines we have i den t i f i ed 28 f o r y i e l d
tes t ing a n d 83 f o r f u r t h e r assessment. We also
advanced 45 F 2 b u l k s , b o t h de te rm ina te a n d
inde te rm ina te types, f o r y ie ld t r ia ls as we l l as
f u r t h e r screening.
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Tab le 2 . S u m m a r y o f per formance o f entries in M e d i u m - M a t u r i t y Pigeonpea Unselected B u l k ( M P U B ) yield
tr ia l g rown at three I n d i a n locat ions, 1983.
Plant
height
100-seed
mass
Yield (kg ha
-1
)
Days to Days to I C R I S A T Wi l t
1
Entries f lower ing matur i ty (cm) (g) Center
1 Bharuch Baroda Mean (%)
78191 W B - W B - W B 135 192 136 8.8 1470 (4 )
2
940 (4) 2080 (2) 1496 30
78120 W B - W B - W B 126 182 143 9.3 1610 (1) 780 (12) 1860 (4) 1413 32
78153 W B - W B - W B 133 192 145 9.3 1590 (2) 890 (7 ) 1430 (18) 1304 29
78148 W B - W B - W B 136 192 128 7.5 1470 (3) 750 (14) 1640 (14) 1287 41
78223 W B - W B - W B 133 190 123 8.9 1360 (5) 790 (10) 1680 (8) 1276 31
78140 W B - W B - W B 130 188 140 8.7 1000 (15) 970 (2) 1780 (7) 1250 47
78139 W B - W B - W B 130 193 143 9.6 1310 (6) 800 (9) 1620 (11) 1244 37
78179 W B - W B - W B 133 188 128 10.2 1180 (8) 650 (18) 1780 (6) 1201 33
C o n t r o l
I C P L 295 (C 11 sel) 135 197 122 9.3 820 (18) 900 (6 ) 1890 (3) 1201 31
78143 W B - W B - W B 142 210 125 10.7 1140 (10) 940 (5 ) 1460 (15) 1180 26
78167 W B - W B - W B 133 190 137 8.6 1140 (11) 820 (8) 1590 (13) 1179 43
78213 W B - W B - W B 144 213 129 8.2 1180 (7) 680 (17) 1630 (10) 1165 20
78231 W B - W B - W B 142 203 130 10.5 1120 (12) 790 (11) 1460 (17) 1114 27
78204 W B - W B - W B 135 200 120 7.3 990 (16) 730 (15) 1590 (12) 1105 49
78130 W B - W B - W B 131 185 143 10.6 1160 (9 ) 1050 (1 ) 1000 (21) 1070 30
78227 W B - W B - W B 138 193 130 11.5 1050 (14) 610 (20) 1500 (14) 1053 18
78142 W B - W B - W B 137 197 127 9.2 900 (17) 760 (13) 1450 (16) 1037 25
78178 W B - W B - W B 136 203 119 10.0 790 (19) 720 (16) 1780 (5) 1098 43
78180 W B - W B - W B 137 197 137 10.3 1090 (13) 620 (19) 1370 (19) 1025 29
S E ±2.1 ±4.4 ±3.5 ±0.31 ±114 ±73 ±258 ±4.4
T r i a l m e a n 135 195 132 9.4 1153 808 1624 31
C V ( % ) 3 4 5 6 17 16 28 22
1 . R e c o r d e d f r o m w i l t - s i c k n u r s e r y a t I C R I S A T C e n t e r . M e a n o f f o u r r e p l i c a t i o n s , e a c h w i t h a p p r o x i m a t e l y 6 6 p l a n t s .
2 . N u m b e r s i n pa ren theses i n d i c a t e r a n k w i t h i n t r i a l .
We c o n t i n u e d t o screen b reed ing m a t e r i a l i n o u r
m u l t i p l e disease nursery f o r c o m b i n e d resistance
t o a l l three m a j o r p igeonpea diseases, w i l t , S M ,
a n d the P2 a n d P3 isolates o f p h y t o p h t h o r a
b l i gh t .
O f the 16 s ing le -p lan t select ions o f I C P 5097
and l C P X 74360 screened, three l ines had less
t h a n 2 0 % w i l t , S M , and b l i gh t w h e n the corres-
p o n d i n g suscept ib le con t ro l s showed an average
o f 7 7 % p h y t o p h t h o r a b l i gh t , 9 5 % ster i l i ty mosaic
and 9 5 % w i l t . F o r t y - f i v e advanced select ions
f r o m I C P 5097, 8094, I C P X 74360, and 74363
were screened. Th ree l ines showed less t h a n 10%
a n d 1 4 showed 10-20% w i l t , S M , a n d b l i gh t . O f
the 95 F 3 s ing le-p lant selections f r o m I C P X
80260, 80264, 80273, 80275, 80284, and 80289,
f o u r showed less t h a n 10% and 14 showed less
t h a n 2 0 % w i l t , S M , a n d b l i gh t . S i x teen o f the 3 6
F 3 bu l ks tested showed less t h a n 2 0 % inc idence
of a l l three diseases. Of the seven cu l t i va rs
screened f o r the f i rs t t ime in the nursery , o n l y
N P ( W R ) 15 showed less t h a n 10% w i l t , S M , a n d
b l igh t . Sel fed seed col lected f r o m S M - a n d w i l t -
resistant p lan ts o f f o u r cu l t i va rs t h a t showed
to lerance to the P3 isolate w i l l be retested d u r i n g
the c o m i n g season.
Multiple Disease Resistance
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Since 1981, we have been screening the el i te
p igeonpea accessions and l ines f o r m u l t i p l e d is -
ease resistance acco rd ing to requ i rements of d i f -
ferent areas of I n d i a . Tab le 3 lists the accessions
and l ines w i t h res is tance/ to lerance to m o r e t h a n
one disease.
retusus) nematodes observed in b o t h A l f i s o l a n d
Ver t i so l f ie lds , the sp i ra l nematode (He l i co t y l en -
chus indicus) o n l y in A l f i so l s , and the les ion
nematode (Praty lenchus sp), o n l y in V e r t i s o l
f ie lds. T h e p igeonpea cyst nematode was the
p r e d o m i n a n t species f o u n d in p igeonpea sown in
Ver t i so ls , whereas the p o p u l a t i o n s o f r e n i f o r m
and lance nematodes were h igher in the A l f i so l s .
Cyst nematode. A pure p o p u l a t i o n of the cyst
nematode H. cajani was ma in ta i ned on p i g e o n -
pea I C P 2376 and cowpeas. T h e legume species
Atylosia, Dunbaria, Flemingia, and Rhynchosia 
were suscept ible to the cyst nematode , and are
f i rs t host records f o r th is nematode . A techn ique
to deve lop nematode- in fes ted soi l in pots was
Screening for multiple-disease resistance in pigeonpea in a nursery at I C R I S A T Center . Selection I C P 5097 ( r ight )
showed combined resistance to all three diseases in the exper iment .
Plant parasitic nematodes in pigeonpea at I C R I -
S A T Center. We iden t i f i ed seven paras i t i c
nematode species on p igeonpea in A l f i s o l and
Ver t i so l f ie lds. These were the cyst (Heterodera
cajani), lance (Hoplolaimus seinhorsti), r e n i -
f o r m (Rotylenchulus reniformis), s tun t (Tylen-
chorhynchus sp), and sp i ra l (Hel ico ty lenchus
Nematode Diseases
176 Pigeonpea 
Tab le 3 . Pigeonpea lines w i th combined multiple-disease resistance/tolerance.
L ines w i t h c o m b i n e d res i s t ance / t o l e rance t o : L i n e n u m b e r
F o u r diseases
W i l t , s t e r i l i t y mosa i c
1
, r o o t k n o t ,
a n d a l t e r n a r i a b l i g h t I C P 8 8 6 1 , 8862
T h r e e diseases
W i l t , s t e r i l i t y mosa i c
2
, a n d p h y t o p h t h o r a b l i g h t
3
I C P 5097 , 8094 , I C P X 74360 p rogen ies
W i l t , s t e r i l i t y mosa i c
2
, a n d r o o t k n o t I C P 8860 , 11291
W i l t , a l t e r n a r i a b l i g h t , a n d bac te r i a l b l i g h t I C P 8863
W i l t , p h y t o p h t h o r a b l i gh t
3
, a n d r o o t k n o t I C P 8865 , 8866
W i l t , s te r i l i t y mosa i c
2
, a n d a l t e r n a r i a b l i g h t I C P 8867 , 8869 , 10960, 11288, 11296
T w o diseases
P h y t o p h t h o r a b l i g h t
3
 a n d a l t e r n a r i a b l i g h t I C P 2376 , 2719
S t e r i l i t y m o s a i c
2
 a n d a l t e r n a r i a b l i g h t I C P 2630 , 4725 , 7188 , 7869 , 7904 , 7906 , 8850 , 8856 , 8857
S t e r i l i t y m o s a i c
2
 a n d p h y t o p h t h o r a b l i g h t
3
I C P 8466 , 11300, 11301 , 11302, 11303, 11304
W i l t a n d r o o t k n o t I C P 8859 , 11286, 11299
W i l t a n d p h y t o p h t h o r a b l i g h t
3
I C P 8868 , 10958, 11287, 11294
W i l t a n d s te r i l i t y mosa i c
2
I C P 11289, 11290, 11297, 11298
1 . R e s i s t a n t e x c e p t i n t h e I n d i a n s ta tes o f B i h a r a n d T a m i l N a d u .
2 . R e s i s t a n t e x c e p t i n t he I n d i a n states o f B i h a r , K a r n a t a k a , a n d T a m i l N a d u . I C P 10976 c a n b e used f o r res is tance t o s t e r i l i t y
m o s a i c i n a l l I n d i a n s ta tes.
3 . R e s i s t a n t t o t h e P 2 i so la te o n l y .
As usua l the p o d b o r e r (Heliothis armigera) was
the mos t d a m a g i n g pest on p igeonpea in cen t ra l
and sou the rn I n d i a i n 1983/84 . H o w e v e r the
at tacks by th is insect were less severe t h a n in
mos t p rev ious years. A l t h o u g h the m e d i u m -
d u r a t i o n p igeonpeas t h a t f l o w e r e d a n d p o d d e d
in N o v e m b e r were severely damaged by th is pest,
p igeonpeas tha t f l owe red before o r a f te r
N o v e m b e r m o s t l y escaped m a j o r damage . T h e
p o d f l y ( M e l a n a g r o m y z a obtusa) appeared to be
m o r e p reva len t t h a n usua l i n some o f the
p igeonpea -g row ing areas t ha t were v is i ted in
I n d i a (e.g. G w a l i o r and H i s a r ) . P o d f l y in fes ta-
t ions canno t be easi ly de tec ted, because eggs are
la id ins ide the pods a n d there are no v is ib le
s y m p t o m s o f damage u n t i l adu l t s emerge
t h r o u g h the p o d w a l l . I t i s there fo re an underes-
t i m a t e d pest. I t causes subs tan t ia l y ie ld losses
every year , p a r t i c u l a r l y on the l o n g - d u r a t i o n
crops o f n o r t h e r n a n d cen t ra l I n d i a . Tanaostig-
modes cajaninae, a h y m e n o p t e r a n insect w h i c h
feeds ins ide p igeonpea pods ( F i g . 8) , aga in
reached pest status a t I C R I S A T Cen te r b u t was
rare in a l l f a rmers ' f ie lds we surveyed. T h i s insect
th r ives unde r research s ta t i on c o n d i t i o n s where
p igeonpea pods are ava i lab le f r o m Sep tember t o
A p r i l each year and where e n d o s u l f a n , used f o r
the c o n t r o l o f p o d bore r in fes ta t ions , fa i ls t o
c o n t r o l the h y m e n o p t e r a n pest b u t reduces its
n a t u r a l enemies. Tanaostigmodes cajaninae is at
th is t i m e no m o r e t h a n a research s ta t i on n u i -
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s tandard ized to i n i t i a te screening f o r resistance
to H. cajani. 
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Figure 8 . L a r v a , pupa , and adult of hymenopteran
pest Tanaostigmodes cajaninae inside pigeonpea
pods.
sance bu t i t serves as a g o o d rem inde r tha t
changes in f a r m i n g pract ices can p r o m o t e re la-
t i ve ly rare insects to pest status.
A t o u r o f some count r ies in Southeast A s i a
revealed tha t Heliothis armigera was a w i d e -
spread pest on p igeonpea and m a n y o ther c rops
i n c l u d i n g c o t t o n , maize, and several vegetables.
A n o t h e r p igeonpea p o d bore r ( M a r u c a testula-
lis) was also seen to be very c o m m o n a n d d a m a g -
i n g . Th i s insect i s o f sporad ic i m p o r t a n c e in
n o r t h e r n I n d i a bu t is k n o w n to be a regu lar
m a j o r pest o f p igeonpea in several coun t r ies ,
p a r t i c u l a r l y F i j i . A very large n u m b e r o f o ther
insect species were no t i ced on p igeonpea p lants
a t a l l stages o f g r o w t h b u t none appeared to be o f
economic i m p o r t a n c e a t present.
Heliothis armigera 
Populat ion monitoring. A n e t w o r k of 113
phe romone t raps tha t ca tch male Heliothis 
armigera m o t h s has been set up to cover 60 loca-
t ions i n Bang ladesh, I n d i a , Pak i s tan , and Sr i
L a n k a . I C R I S A T i n c o l l a b o r a t i o n w i t h the
T r o p i c a l D e v e l o p m e n t and Research Ins t i t u te
( T D R I ) , L o n d o n , p rov ides t raps a n d rubbe r
septa loaded w i t h synthet ic p h e r o m o n e to the
n a t i o n a l scientists a t each l oca t i on . These c o o p -
era t ing scientists c o u n t the numbers o f m o t h s
caught each n igh t and send i n f o r m a t i o n on t r ap
catches to I C R I S A T Center a t the end o f each
m o n t h . We also receive da ta on catches of H.
armigera a n d o the r insects in l i gh t t raps set up at
some of these loca t ions .
Da ta f r o m the n e t w o r k o f p h e r o m o n e t raps
operated fo r m o r e t h a n 2 years are n o w ava i lab le
and a pos t -doc to ra l scientist has been recru i ted
to s tudy and in te rp re t t h e m i n c o o p e r a t i o n w i t h
T D R I scientists. Th i s s tudy is s t i l l i n its ear ly
stages and several stat is t ical techniques are be ing
tested in an a t t e m p t to m a x i m i z e the i n f o r m a -
t i o n tha t can be der ived f r o m the ava i lab le da ta .
I t is a l ready obv ious tha t a large n u m b e r of
e n v i r o n m e n t a l fac to rs , i n c l ud i ng tempera tu re ,
h u m i d i t y , w i n d , m o o n l i g h t , and loca l hos t -p lan t
ava i l ab i l i t y , p lay an i m p o r t a n t ro le i n d e t e r m i n -
i ng the numbers o f mo ths caught i n b o t h p h e r o -
m o n e and l igh t t raps. By a series of analyses i t
may be possible to deve lop co r rec t i on fac tors
tha t w i l l reduce the very large va r ia t i ons in
catches no t a t t r i bu tab le to changes in the loca l
popu la t i ons o f m o t h s , and so a l l o w the da ta set
to be usefu l in m o n i t o r i n g these popu la t i ons .
L i g h t t r a p p i n g was in i t i a ted a t I C R I S A T C e n -
ter in 1974 and records of H. armigera caught in
t raps have been co l lec ted n i g h t l y since then .
N o w tha t 10 years' da ta are ava i lab le , c lear ly -
de f ined cycles o f catches recur in mos t years in
spite o f large va r ia t ions in the catches o f d i f f e r -
ent t raps . A l m o s t every year there are peak
catches o f mo ths i n Augus t -Sep tember and i n
N o v e m b e r - D e c e m b e r separated by a dea r th o f
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m o t h s i n O c t o b e r ( F i g . 9) . I t i s p r o b a b l e t h a t the
ear l ie r peak o f m o t h s t r apped is associated w i t h
m o t h s tha t have o r i g i na ted f r o m larvae t h a t have
fed o n s o r g h u m , pear l m i l l e t , a n d g r o u n d n u t s ;
a n d tha t the la ter peak i s m a i n l y associated w i t h
larvae feed ing on p igeonpea a n d ch ickpea . We
do n o t k n o w w h y there are so few m o t h s i n
O c t o b e r , bu t have no t i ced tha t p igeonpea f l o w -
e r i ng a t t h a t t i m e can escape severe pest a t tack . I t
w o u l d be usefu l to g r o w a large area o f p i g e o n -
pea tha t w o u l d f l o w e r a n d p o d i n O c t o b e r , t o
de te rm ine whe the r such a c r o p w o u l d escape
damage , or whe the r the pauc i t y of H. armigera 
at t h a t t i m e is n o r m a l l y the resul t o f a scarc i ty o f
su i tab le hosts.
I t i s no t yet c lear whe the r m i g r a t i o n p lays an
i m p o r t a n t ro le in the eco logy of H. armigera. 
T h i s year I C R I S A T a n d T D R I scient ists
e m b a r k e d u p o n a n in tensive m i g r a t i o n s tudy . B y
s tudy ing unusua l surges in t r a p catches in re la-
t i o n to w i n d pa t te rns , i t shou ld be possib le to
iden t i f y m i g r a t i o n events and the sources o f the
m o t h s . We acknow ledge the excel lent coope ra -
t i o n o f the I n d i a n M e t e o r o l o g i c a l D e p a r t m e n t i n
p r o v i d i n g the w i n d char ts requ i red f o r such
studies.
Host plant resistance. We have c o m p l e t e d
screening the g e r m p l a s m accessions ava i lab le at
I C R I S A T h a v i n g tested 8400 i n open f ie ld t r ia ls .
A l t h o u g h w e f o u n d n o geno type w i t h su f f i c ien t
resistance to w i t h s t a n d heavy in fes ta t ions of H.
armigera w i t h o u t su f fe r ing severe damage , there
are c lear d i f ferences in suscept ib i l i t y . Breeders
a n d en tomo log is t s are c u r r e n t l y engaged in an
extensive b reed ing and select ion e f fo r t t ha t is
d i rec ted t o w a r d s increas ing the levels o f resis-
tance tha t have been d iscovered in g e r m p l a s m
accessions. Ear l i e r a t tempts to c o m b i n e the a n t i -
b iosis to th is pest, t ha t was c lear ly ev ident in
Atylosia scarabae aides, w i t h the a g r o n o m i c -
and consumer - requ i red qua l i t ies o f p igeonpea
have led to the select ion o f some p r o m i s i n g in te r -
generic der iva t ives . H o w e v e r , th is a p p r o a c h
does n o t appear to have been m o r e p r o d u c t i v e
t h a n s imp le select ion f r o m the ava i lab le p i geon -
pea g e r m p l a s m accessions.
In p rev ious years o u r e f for ts were concen -
t ra ted t o w a r d s select ion f o r resistance w i t h i n the
m e d i u m - d u r a t i o n genotypes, as th is t hen
appeared to be the d u r a t i o n w i t h the mos t p o t e n -
t i a l . H o w e v e r , i t has become increas ing ly
obv ious tha t s h o r t - d u r a t i o n p igeonpeas have
Figure 9. H. armigera moths t rapped at I C R I S A T Center , 1 9 8 3 / 8 4 .
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greater p o t e n t i a l , p a r t i c u l a r l y i n n o r t h e r n I n d i a .
Consequen t l y , increased a t t e n t i o n i s n o w be ing
pa id to the search f o r resistance w i t h i n th is
m a t u r i t y g r o u p . O f the 65 s h o r t - d u r a t i o n geno -
types selected p rev ious l y as appea r i ng to possess
some resistance, o n l y 30 appeared p r o m i s i n g a t
I C R l S A T Cen te r and 9 a t H i s a r w h e n tested th is
year. O f these, o n l y f ive d i d we l l a t b o t h loca-
t ions . Th i s resul t i l lus t ra tes the need to select and
test genotypes a t m o r e t h a n one l o c a t i o n a n d
over a series of seasons.
T h e deve lopmen t o f genotypes t ha t show
excep t i ona l l y g o o d c o m p e n s a t i o n f o r pest d a m -
age c o n t i n u e d , and o u r select ion f r o m A P A U
2208 aga in p roved to be ou t s t and ing .
W e c o n t i n u e d t o m a k e progress i n o u r c o l l a -
bo ra t i ve s tudy w i t h the M a x - P l a n c k I ns t i t u te o f
B iochem is t r y , M u n i c h , o n the mechan isms o f
resistance. One exc i t i ng f i n d i n g i n M u n i c h was
tha t the m o t h s appear to be able to d i f fe ren t ia te
between resistant and suscept ib le genotypes f o r
o v i p o s i t i o n , even w h e n those genotypes are s t i l l
in the seedl ing stage. A l t h o u g h we have no t yet
managed to detect c lear ly such di f ferences
between seedlings a t I C R I S A T Center , we w i l l
g ive increased a t t e n t i o n to th is a p p r o a c h . T h e
ab i l i t y to select f o r resistance at the seedl ing
stage in the l a b o r a t o r y , ra ther t h a n re l y i ng on
open f ie ld screening a t the p o d d i n g stage, w o u l d
great ly accelerate and fac i l i ta te o u r progress.
Biological control . P rev ious w o r k a t I C R I -
S A T Center has s h o w n tha t H. armigera eggs
col lected f r o m s o r g h u m are heav i l y paras i t ized
by Trichogramma chilonis, bu t eggs co l lec ted
f r o m p igeonpea have l i t t le o r no pa ras i t i sm. S t u -
dies in the l a b o r a t o r y have also ind ica ted t ha t
eggs on p igeonpea are less a t t rac t i ve to T. ch i lo -
nis t han are those on s o r g h u m . There was specu-
l a t i o n t ha t p igeonpea genotypes tha t are mos t
suscept ib le to the h y m e n o p t e r a n pest Tanaostig-
modes cajaninae m a y also be a t t rac t i ve to these
h y m e n o p t e r a n pa ras i t es . C o n s e q u e n t l y i n
1983/84 we c o m p a r e d T. chilonis pa ras i t i sm
rates in eggs p laced on geno types t h a t were re -
s istant and suscept ib le to the h y m e n o p t e r a n
pests in o u r l a b o r a t o r y tests. We used eggs o f
Corcyra cephalonica in these tests since they can
Tab le 4. Parasi t ism by Trichogramma chilonis in
eggs of Corcyra cephalonica placed on leaves,
f lowers, and pods of pigeonpea genotypes k n o w n to
be resistant or susceptible to Tanaostigmodes 
cajaninae, in laboratory tests, I C R I S A T Center ,
February 1984.
Eggs pa ras i t i zed (%)
P l a n t p a r t Res is tan t Suscep t ib le
L e a f 94.9 (76.9 x 8.2)
1
 96.4 (79.0 x 8.2)
1
F l o w e r 88.2 (69.9 x 4.9) 99.9 (88.2 x 4 .9)
P o d 3 . 3 ( 1 0 . 5 x 2.8) 3 . 6 ( 1 1 . 0 x 2.8)
1 . F i g u r e s i n p a r e n t h e s e s a re a r c s ine t r a n s f o r m e d v a l u e s ,
a l o n g w i t h S E s .
be easily reared in l a b o r a t o r y cu l tu res , a n d are
read i l y paras i t i zed by Trichogramma spp. We
used 25-30 eggs s i te
- 1
 and repeated the e x p e r i -
men t e ight t imes. T h e percentages o f the eggs
tha t were paras i t ized in these tests are s h o w n in
T a b l e 4 . I t can be seen t h a t d i f ferences between
the genotypes were sma l l and i ns ign i f i can t , b u t
t ha t there was a very large r e d u c t i o n in paras i t -
i sm in the eggs p laced on the pods . F u r t h e r s tudy
o f the apparen t de ter rent effect o f the pods on
egg paras i t i sm w i l l be conduc ted . Th i s p h e n o -
m e n o n is i m p o r t a n t , as m a n y H. armigera eggs
are la id on y o u n g p igeonpea pods in the f i e l d .
Podfly (Melanagromyza obtusa)
Importance and insecticide use. A l t h o u g h the
p o d f l y i s mos t d a m a g i n g on l o n g - d u r a t i o n c u l -
t i vars t ha t are w ide l y g r o w n i n n o r t h e r n a n d
cen t ra l I n d i a , i t can also cause subs tan t ia l y ie ld
loss in the s h o r t - d u r a t i o n genotypes tha t appear
to have a p r o d u c t i v e f u t u r e in m a n y areas o f
I n d i a . In 1984 we iden t i f i ed a m a j o r p o d f l y p r o b -
l em on the very p r o d u c t i v e new c r o p p i n g system
in w h i c h t w o o r three harvests are t a k e n f r o m
s h o r t - d u r a t i o n p igeonpeas. In spite o f in tens ive
p r o t e c t i o n w i t h endosu l f an , the 2nd and 3 rd
harvests f r o m such genotypes a t I C R I S A T C e n -
ter were severely damaged by p o d f l y , w i t h m o r e
t h a n ha l f the pods in fested. E n d o s u l f a n i s p r i m -
a r i l y used to c o n t r o l H. armigera b u t has been
recommended f o r use against p o d f l y i n n o r t h e r n
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I n d i a . E x p e r i m e n t s a t I C R I S A T Cen te r have
s h o w n tha t endosu l f an is n o t very ef fect ive in
c o n t r o l l i n g p o d f l y . A l t e r n a t i v e insect ic ides w i t h
some systemic a c t i o n , such as d i m e t h o a t e and
m o n o c r o t o p h o s have been s h o w n to g ive m u c h
bet ter p o d f l y c o n t r o l . H o w e v e r , the need to use
t w o insect ic ides t o c o n t r o l p o d bo re r and p o d f l y
m a y h a m p e r the ex tens ion o f the very p r o d uct ive
mu l t i - ha rves t system. T h i s emphasizes the need
to f i n d a l te rnat ives t o us ing pest icides t o c o n t r o l
the pest c o m p l e x on p igeonpea.
Host plant resistance. O u r search f o r p l a n t
resistance to p o d f l y has iden t i f i ed several geno -
types tha t have cons is tent ly reduced in fes ta t ions
c o m p a r e d t o the c o m m o n l y - g r o w n cu l t i va rs
( T a b l e 5). U n f o r t u n a t e l y , the levels o f resistance
f o u n d are n o t n o r m a l l y su f f i c ien t t o resul t i n
detectable y ie ld advances, so breeders and e n t o -
mo log is ts are u t i l i z i n g these genotypes in
a t tempts to in tens i fy the resistance and to c o m -
b ine i t w i t h o the r des i rab le characters .
O u r a t t emp ts t o de te rm ine the mechan isms o f
Podf ly -damaged pigeonpeas; the eggs, larvae, and
pupae develop inside the pod so there is no external
evidence of infestation unt i l the adul t fly emerges
through the pod wa l l .
Tab le 5 . Relat ive resistance rat ing ( R R R )
1
 in pesticide-free condit ions of pigeonpea selections found resistant to
podf ly (M. obtusa), I C R I S A T Center , 1979-1984.
Pigeonpea
select ions
D a y s t o 5 0 %
f l o w e r i n g 1 9 7 9 / 8 0 1980 /81 1 9 8 1 / 8 2 1982 /83 1 9 8 3 / 8 4
M e a n
R R R
T 21 ( c o n t r o l ) 87 6 6 6 6 6 6.0
I C P 909 E3 95 2 2 3 4 5 3.2
1 9 1 8 ( I G ) 4 E B 99 2 2 6 7 3 4.0
I C P 3328 E 3 105 2 3 4 3 3 3.0
I C P 1691 E1 113 6 2 4 3 5 4.0
I C P 7050 E1 117 2 2 2 6 3 3.0
I C P 10466 E 3 118 3 3 7 3 4 4.0
I C P 10531 E1 119 2 2 3 2 2 2.2
C 11 ( c o n t r o l ) 119 6 6 6 6 6 6.0
I C P 6977 E1 120 3 2 NT
2
NT
2
2 (2 .3 )
3
I C P 7941 E1 129 2 2 4 2 3 2.6
I C P 7946 E1 132 2 3 3 3 4 3.0
N P ( W R ) 1 5 ( c o n t r o l ) 132 6 6 6 6 6 6.0
I C P 8102-5 S1 134 4 3 3 4 6 4.0
I C P 7194-1 S 4 147 4 4 4 4 4 4.0
I C P 7176-5 162 4 4 3 5 5 4.2
1. R R R = R e l a t i v e res is tance r a t i n g c o m p a r e d to s t a n d a r d c o n t r o l s on a 1-9 sca le , w h e r e 1 = a b s o l u t e res i s tance , 9 = h i g h l y
suscep t i b l e .
2 . N T = N o t t e s t e d .
3 . C a l c u l a t e d f r o m t h r e e seasons ' d a t a o n l y .
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resistance to p o d f l y c o n t i n u e d . T h e mos t sus-
cept ib le genotypes are genera l ly those w i t h
larger pods. D i f fe rences in p o d w a l l th ickness
and toughness, and in the dens i ty o f g l a n d u l a r
ha i rs on the p o d surface have been f o u n d a m o n g
b o t h resistant and suscept ible genotypes, bu t no
single f ac to r has as yet been iden t i f i ed as cons is-
ten t l y associated w i t h resistance.
Breeding for Insect Resistance
D u r i n g th is year we con t i nued o u r emphas is on
a c c u m u l a t i n g resistance to Heliothis and p o d f l y ,
and on i m p r o v i n g the y ie ld o f resistant m a t e r i a l .
U n f o r t u n a t e l y we exper ienced a Heliothis a t tack
in ou r segregat ing popu la t i ons w h i c h was so
severe tha t i t was d i f f i c u l t to select resistant
p lan ts . A m o n g o u r p rogeny rows a n d bu l ks we
selected 1447 single p lan ts as f o l l o w s ; 1320 in the
F 2 , 85 in the F 3 , and 42 between the F 4 and F 7
generat ions. We advanced 97 F 1 s unde r sprayed
cond i t i ons f o r select ion i n the F 2 and grew t w o
t r ia ls w i t h 15 F,s in each, one to de te rm ine the
reac t ion to Heliothis and the o ther to de te rm ine
the reac t ion to p o d f l y i n re la t i on to resistant a n d
suscept ible parents . We made 22 new crosses.
T h e t w o Heliothis - resistant l ines we iden t i f i ed
last year f r o m the cross I C P X 76239 ( I C P 1900-
11 x B D N 1) ( I C R I S A T A n n u a l R e p o r t 1983,
p p . 164-165) have been designated I C P L 84060
and I C P L 84061 . T h e y ranked 1st and 2nd under
sprayed cond i t i ons in a t r i a l w i t h o the r resistant
and suscept ible ge rmp lasm l ines (Tab le 6). I C P L
84060 also gave a h i gh 1st harvest y ie ld in the
unsprayed f i e l d . B o t h l ines had re la t ive ly l o w
p o d damage to 1st harvest pods . We have
entered these t w o l ines a l o n g w i t h f o u r o the r
select ions, I C P L 84062, 84063, 84064, and 84065
Table 6. Per formance of Heliothis-resistant and-susceptible pigeonpea lines grown under sprayed and
nonsprayed condit ions, I C R I S A T Center , rainy season 1983.
N o n -
sprayed
S p r a y e d
G r a i n y i e l d ( k g ha
- 1
)
N o n s p r a y e d Pods b o r e d (%)
P l a n t
he igh t
100-
seedD a y s t o 1st T o t a l 1st 2 n d
I C P L Ped ig ree flowering ( c m ) mass (g) S p r a y e d harvest (2 harvests) harves t harvest
84060 I C P X 76239 F 3 B 1 2 E B 115 150 8.3 2130 700 (2)
1
830 (7) 40 23
84061 I C P X 76239 F 3 B 1 7 E B 120 150 8.3 1920 550 (8) 780 (8) 48 21
C 11 ( c o n t r o l )
2
123 140 10.6 1840 1 9 0 ( 1 4 ) 1600 (1) 63 12
P P E 50-12 116 140 8.5 1730 3 0 0 ( 1 1 ) 1290 (4) 66 11
1CP 10466 112 130 7.4 1730 2 8 0 ( 1 2 ) 1360 (3) 56 6
I C P 1903 ( c o n t r o l ) 120 140 7.5 1700 550 (7) 6 9 0 ( 1 1 ) 49 20
B D N 1 ( c o n t r o l )
2 113 110 10.5 1510 2 4 0 ( 1 3 ) 1060 (5) 76 21
84062 (3193-12 x P r a b h a t ) - 2 99 100 7.2 1360 840 (1) 970 (6) 36 30
I C P 1 6 9 1
2 117 130 8.1 1240 480 (9) 1400 (2) 57 12
84063 (3193-12 x P r a b h a t ) - 1 92 110 7.6 1150 650 (3) 7 5 0 ( 1 0 ) 34 23
84064 I C P X 75560 E 3 E B 99 110 7.9 1130 590 (5) 6 7 0 ( 1 3 ) 36 27
84065 T 21 x Atylosia 
scarabaeoides
100 130 7.4 1110 690 (4) 760 (9) 40 19
I C P X 75560 F 5 E B - B 98 90 6.2 1050 3 7 0 ( 1 0 ) 530 (14) 46 25
I C P X 77303 F 4 E B - B X 97 110 7.0 940 590 (5) 670 (12) 35 27
S E ± 1.1 ±5 ±0.19 ±139 ±67 ±80
M e a n 109 124 8.0 1466 499 953
C V (%) 2 8 5 19 27 17
1 . N u m b e r s i n pa ren theses i n d i c a t e r a n k w i t h i n t r i a l .
2. Heliothis-susceptible en t r i es .
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(Tab le 6 ) i n t o o u r m e d i u m - d u r a t i o n m u l t i l o c a -
t i o n a l t r i a l .
B i o l o g i c a l N i t r o g e n F i x a t i o n
Rhizobium Culture Collection
A b o u t 200 Rhizobium cu l tures have been freeze-
dr ied th is year. We supp l ied a p p r o x i m a t e l y 100
un i ts of Rhizobium s t ra ins, as peat i nocu lan ts or
agar slopes to the A l l I nd i a C o o r d i n a t e d Pulses
I m p r o v e m e n t Pro jec t ( A I C P I P ) and o ther
request ing scientists in I n d i a and elsewhere.
Screening Rhizobium Strains
Six teen Rhizobium isolates f r o m p igeonpea
nodu les co l lected f r o m G u j a r a t and M a h a r a s h -
t ra were screened f o r n o d u l a t i n g and n i t r o g e n -
f i x i n g ab i l i t y . T h e test cu l t i va r , I C P 1-6, was
inocu la ted w i t h the test stra ins and g r o w n in a 
ster i le sand -ve rm icu l i t e -g r i t m i x t u r e i r r i ga ted
w i t h a n i t rogen- f ree n u t r i e n t s o l u t i o n in a g reen-
house. S i x weeks af ter s o w i n g there were s i gn i f i -
cant d i f ferences between Rhizobium isolates in
n o d u l a t i o n parameters and p lan t d r y ma t te r .
H o w e v e r , none o f the isolates p r o d u c e d p lan ts as
large as those in a n o n i n o c u l a t e d c o n t r o l t rea t -
men t supp l ied w i t h 200 p p m n i t r o g e n . F o u r o f
these Rhizobium isolates have been chosen f o r
f u r t h e r e v a l u a t i o n i n f i e ld t r ia ls .
Rhizobium Inoculat ion Trials in Farmers'
Fields
Prev ious studies in f a rme rs ' f ie lds h a d fa i l ed to
detect responses o f p igeonpea to i n o c u l a t i o n
even t h o u g h so i l n i t r o g e n and r h i z o b i a l n u m b e r s
were l o w ( I C R I S A T A n n u a l R e p o r t 1982, p p .
144-145). Th is was suspected to be due to in ter -
ac t i ng m i n e r a l nu t r i en t def ic iencies as so i l -
ava i lab le phospho rus levels were l ow . In 1982 we
repeated these studies bu t i nc luded fe r t i l i ze r
t rea tments . A g a i n , no s ign i f i can t responses to
i n o c u l a t i o n were f o u n d f o r n o d u l a t i o n , acety-
lene reductase ac t i v i t y , p lan t d r y - m a t t e r y i e l d , o r
g ra i n y ie ld . H o w e v e r , a d d i t i o n o f 100 kg ha
- 1
n i t r ogen , 17 kg ha
-1
 p h o s p h o r u s , and 1.2 kg ha
-1
m o l y b d e n u m s ign i f i can t l y increased d r y - m a t t e r
y ie lds at some sites. These studies h i gh l i gh t the
need to i den t i f y and p a r t i t i o n the effects o f var -
ious e n v i r o n m e n t a l l im i t a t i ons on p igeonpea
g r o w t h w h e n i n te rp re t i ng i n o c u l a t i o n responses.
Residual Effect of Pigeonpea
Prev ious studies suggested tha t the benef ic ia l
res idua l effect of p igeonpea on a subsequent
maize c r o p was p r i m a r i l y due to fa l l en p i g e o n -
pea p lan t par ts ( I C R I S A T A n n u a l R e p o r t 1981 ,
pp . 133-136). T h u s we imposed t reatments where-
by p igeonpea cu l t i va r I C P 1 was harvested at 130
days a f te r s o w i n g ( D A S ) , a t 260 D A S o n p lo ts
kept l i t te r - f ree , and a t 260 D A S on p lo ts where
accumu la ted l i t te r was i n c o r p o r a t e d i n t o the t o p -
soi l a f ter harvest ( F i g . 10). In 1982, maize ( D e c -
can H y b r i d 101 ) was u n i f o r m l y g r o w n on a l l
p lo ts . The re was no s ign i f i cant effect o f l i t te r on
g ra in y i e l d , a b o v e - g r o u n d d r y ma t te r , o r u p t a k e
o f n i t r o g e n a n d p h o s p h o r u s by the maize ( T a b l e
Figure 10. Pigeonpea tr ia l after harvest showing ( fore-
ground) plots cleared of al l l i t ter and (center) plots
wi th residual l itter that wi l l be incorporated into top
soil , I C R I S A T Center , 1984.
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Table 7. Effect of pigeonpea grown for various periods with and without fallen plant parts on grain and above-
ground dry-matter yields, and nitrogen (N) and phosphorus (P) uptake of maize grown in the following year on a 
Vertisol, ICRISAT Center, rainy season 1982.
Maize (kg ha"
1
)
G**ain Above-ground N uptake P uptake
Treatment yield dry-matter by tops by tops
Harvested at 130 days 2360 6220 51.4 7.0
Harvested at 260 days, removed litter 1940 5320 43.0 6.2
Harvested at 260 days, left litter 1710 5130 38.5 5.9
SE ±109 ±203 ±1.52 ±0.22
CV(%) 23 15 14 14
Table 8. Dry matter, N, and P contents of pigeonpea leaf litter in a Vertisol, ICRISAT Center, summer 1982.
Treatment Dry matter (g) N content(g) P content (g)
Soil surface
at day 0 39.7 (±0.33)* 0.67 (±0.010) 0.040
at day 73 27.9 (±1.71) 0.30 (±0.200) 0.020
Buried
at day 0 36.3 (±2.36) 0.61 (±0.043) 0.034 (±0.0030)
at day 73 15.2 (±3.16) 0.26 (±0.053) 0.012 (±0.0030)
1. SE values shown in parentheses.
7). However, these values were significantly
higher where pigeonpea had been harvested at
130 D A S . Further long-term experimentation is
needed to understand why both negative and
positive residual effects of pigeonpea can occur.
We studied the decomposition rate of pigeon-
pea leaf litter during summer 1982. Lit ter was
placed in nylon bags which were either kept on
the soil surface, or buried 10 cm deep. After 73
days in a Vertisol the litter had lost approxi-
mately half of its dry matter, nitrogen, and phos-
phorus, wi th the losses being greater in buried
samples (Table 8).
Grain and Food Quality
Cooking Quality
We studied the effect of geographical locations
on cooking quality of pigeonpea. Seven cultivars
( ICPH 2, I C P H 5, B D N 1, B D N 2, AS 71-37,
M A U L 175, and C 11) were grown (in two repli-
cations) at eight Indian locations (Coimbatore,
Gulbarga, I C R I S A T Center, Jabalpur, Jalna,
Junagadh, Krishinagar, and Sardar) in the 1982
rainy season. Both replications were pooled
before preparing dhal for analysis because only a 
limited quantity of seed was available. We
soaked samples in water for 8 h, dried them at
60° C overnight, and then decorticated them in a 
barley pearler. The resulting dhal samples were
analyzed for cooking time, water absorption,
and texture. We estimated cooking time by
cooking in an open vessel and determined dhal
texture using a Instron food-testing machine.
Prel iminary results indicate that cooking quality
characteristics did not show large differences
between the cultivars grown at different
locations.
Protein Quality
We determined the amino acid composition of
16 genotypes representing normal and high pro-
tein pigeonpea lines. Tryptophan content was
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also de te rm ined af ter a l ka l i ne hyd ro l ys i s . P r o -
te in con ten t o f these l ines ranged f r o m 22.7 to
30 .2%, whereas s u l f u r - c o n t a i n i n g a m i n o ac ids ,
m e t h i o n i n e , and cyst ine var ied f r o m 2.25 to 2.80
g / 1 0 0 g p r o t e i n . T h e c o r r e l a t i o n between m e t h i -
on ine p lus cyst ine and p r o t e i n was negat ive b u t
non -s ign i f i can t , i n d i c a t i n g the poss ib i l i t y o f
increas ing p r o t e i n con ten t w i t h o u t g rea t l y
a f fec t ing the q u a n t i t y o f s u l f u r - c o n t a i n i n g
a m i n o ac ids. T h e t r y p t o p h a n con ten t o f these
lines va r i ed f r o m 0.59 to 0.94 g /100g p r o t e i n a n d
a negat ive c o r r e l a t i o n o f r = - 0 . 6 0 * * was ob ta i ned
between the i r p r o t e i n and t r y p t o p h a n con ten ts .
We ana lyzed 3396 w h o l e seed a n d d h a l sam-
ples o f b reed ing ma te r i a l f o r p r o t e i n con ten t .
T h e p r o t e i n con ten t o f 227 d h a l samples, i n c l u d -
i n g h i g h p r o t e i n l ines, va r ied f r o m 18.6 t o 31 .5%,
whereas the p r o t e i n con ten t o f w h o l e seed s a m -
ples ranged f r o m 14.6 to 23 .5%. T h e p r o t e i n
con ten t o f 975 d h a l samples o f g e r m p l a s m acces-
sions va r ied f r o m 16.1 to 29 .5%. M e t h i o n i n e was
est imated in 899 and t r y p t o p h a n in 529 de fa t ted
d h a l samples. M e t h i o n i n e con ten ts ranged f r o m
0.71 to 1.56 g /100g p r o t e i n , whereas t r y p t o p h a n
ranged f r o m 0.55 to 0.95 g /100g p r o t e i n .
Breeding for Protein Content
W e c o m p a r e d the a m i n o ac id p ro f i l es o f the h i g h
p r o t e i n l ines de r i ved f r o m in ter -gener ic crosses
tha t w e repo r ted last year ( I C R I S A T A n n u a l
R e p o r t 1983, p . 171). T h e results i nd i ca ted t h a t
the q u a n t i t y o f the i m p o r t a n t s u l f u r - c o n t a i n i n g
a m i n o acids m e t h i o n i n e a n d h a l f cys t ine was
s im i l a r t o t ha t i n the adap ted cu l t i va rs Pan t A 2 ,
T 2 1 , B a i g a n i , a n d 1 C P L 270.
Sugar Analysis
D e v e l o p i n g seed samples o f B D N 1 , H y 3 C , I C P
7035, I C P 6997, and I C P 11947 co l lec ted a t 20 ,
25, 30 , 35, a n d 4 0 D A F d u r i n g the 1982 r a i n y
season a t I C R I S A T Center were ana lyzed f o r
the i r sugar con ten t . T o t a l so lub le sugars were
de te rm ined by a c o l o r i m e t r i c m e t h o d in f reeze-
d r ied samples. U s i n g t h i n layer c h r o m a t o -
g r a p h y , we de te rm ined g lucose, f ruc tose ,
sucrose, ra f f i nose , s tachyose, a n d verbascose
contents . A l t h o u g h the levels o f these sugars d i d
no t v a r y g rea t l y be tween the cu l t i va r s , r e m a r k -
ab le d i f ferences were observed in the levels o f
these sugars a t d i f fe ren t stages o f m a t u r a t i o n
( T a b l e 9) . T h e level o f g lucose + f ruc tose
decreased whereas tha t of sucrose increased as
the seed m a t u r e d . T h e f la tu lence-caus ing sugars
ra f f inose a n d stachyose, present i n very l o w c o n -
c e n t r a t i o n d u r i n g the ear ly stages o f m a t u r a t i o n ,
increased d u r i n g the la ter stages. A n o t h e r
f la tu lence-caus ing sugar , verbascose, was n o t
detected in the ear ly stages of m a t u r a t i o n , bu t a 
large a m o u n t o f th is sugar was present in the
m a t u r e seed, s h o w i n g tha t f l a tu lence-caus ing
sugars are ac c u mu la te d d u r i n g the la ter stages o f
seed m a t u r a t i o n .
Tab le 9 . Levels of soluble sugars at different stages of seed matura t ion (measured in D A F ) of pigeonpea cult ivar
B D N 1 , I C R I S A T Center , rainy season 1982.
D a y s a f te r f l o w e r i n g ( D A F )
C o n s t i t u e n t 20 25 30 35 40
G lucose + F r u c t o s e
1 29.3 22.0 35.2 11.4 7.3
Suc rose
1 34.2 46.1 40.0 33.8 32.7
R a f f i n o s e
1 4.1 3.0 11.2 18.3 14.6
S tachyose
1 2.7 2.1 4.6 17.0 14.8
Verbascose
1 N D
3
ND
3 N D
3
17.0 23.9
T o t a l s o l u b l e sugar
2
6.3 5.0 4 .2 3.9 3.8
1. g / 1 0 0 g s o l u b l e suga rs .
2. g / 1 0 0 g seed s a m p l e .
3 . N D = N o t d e t e c t e d .
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T h e area sown to s h o r t - d u r a t i o n p igeonpea con -
t i nued t o expand i n n o r t h e r n I n d i a m o v i n g i n t o
some areas p rev ious ly p lan ted to l o n g - d u r a t i o n
p igeonpea. S h o r t - d u r a t i o n p igeonpea is a lso
s h o w i n g po ten t i a l t o y ie ld we l l i n pen insu la r
I n d i a and a t o u r coopera t i ve s ta t ion in B a m a k o ,
M a l i . Because th is t ype o f p igeonpea matures
ear ly , i t genera l ly has more f lex ib i l i t y to f i t we l l
i n t o ex is t i ng c r o p p i n g pat terns. T h u s i t has been
g r o w n i n r o t a t i o n w i t h wheat i n n o r t h e r n I n d i a
and sown ear ly as an i n te r c rop w i t h sho r t -
d u r a t i o n legumes such as m u n g bean and
g r o u n d n u t . Some l ines have been s h o w n to give
excel lent 2nd and 3 rd c rops . On e such l ine is
Table 10. Compar ison of pigeonpea lines I C P L 87 and U P A S 120 grain yields (kg h a
- 1
) , H isar , 1979-1983.
G r a i n y ie ld ( k g h a
- 1
)
L ines 1979 1980 1981 1982 1983 M e a n
I C P L 8 7 1930 3000 3030 3050 2370 2676
C o n t r o l
U P A S 120 1280 2140 2400 2150 1455
1 1885
S E ±86 ±110 ±171 ±139 ±200
C V (%) 20 10 11 8 26
1 . I C P L 4 used as c o n t r o l i n 1983.
I C P L 87 w h i c h gave 5500 kg ha"
1
 f r o m three
harvests i n 217 days ( I C R I S A T A n n u a l R e p o r t
1983, pp . 171-172).
In 1984 I C P L 87, selected f r o m the cross T 21
x J A 277, was iden t i f i ed b y A I C P I P a n d p r o -
posed f o r release in the Pen insu la r Z o n e o f
I n d i a . There was also a pre-release p roposa l f o r
M a h a r a s h t r a State submi t t ed by M a r a t h w a d a
A g r i c u l t u r a l Un ive rs i t y .
The re is present ly no p igeonpea cu l t i va r in
I n d i a l ike I C P L 87. Th i s l ine i s o f m e d i u m height
w i t h de te rm ina te g r o w t h hab i t , and c o m p a r e d
w i t h mos t I n d i a n cu l t i va rs produces large pods
w i t h large seeds. T h e pods have red str ipes and
the seeds are b r o w n . I t is to le ran t to w i l t .
A l t h o u g h i t matures a f ter U P A S 120 and before
T 21 i t is genera l ly cons idered t o o late f o r r o t a -
t i o n w i t h wheat i n n o r t h e r n I n d i a . W h e n a l l owed
to m a t u r e f u l l y i t has cons is tent ly g iven h i gh
yie lds (Tab le 10). I C P L 87 is pa r t i cu l a r l y usefu l
fo r m u l t i p l e harves t ing as i t has c o n t i n u e d to
rema in green and p roduc t i ve af ter each o f three
p ick ings so l ong as there was suf f ic ient ava i lab le
soi l mo is tu re .
A s w e repor ted last year ( I C R I S A T A n n u a l
R e p o r t 1983, p p . 172-175) the pract ice o f s o w i n g
a p i g e o n p e a / m u n g bean i n t e r c rop in A p r i l has
p roduced g o o d g ra in y ie lds a l o n g w i t h a b u n d a n t
w o o d f o r fue l . P igeonpeas sown a t t ha t t i m e
usua l ly s tar t f l o w e r i n g w h e n the tempera tu res
are very h i g h . These h i g h tempera tures m a y
cause mos t f l owers to d r o p , o r comp le te l y sup-
press f l o w e r i n g so tha t there are no pods set u n t i l
the tempera tures d r o p in June end o r Ju l y . Some
o f o u r e x t r a - s h o r t - d u r a t i o n de te rm ina te l ines,
P l a n t I m p r o v e m e n t
S h o r t - D u r a t i o n P igeonpea
Chemical Analysis of Podfly-Resistant and
- Susceptible Lines
T e n d e r p o d wa l ls o f f o u r pod f l y - res is tan t a n d
-suscept ib le l ines each g r o w n in f o u r rep l i ca t ions
were col lected a t I C R I S A T Center d u r i n g the
r a i n y season 1983. C r u d e f ibe r (ce l lu lose) , a c i d -
detergent f i be r (cel lu lose + l i g n i n ) , n i t r o g e n f rac -
t i ons , so lub le sugars, and pheno l i c c o m p o u n d s
were ana lyzed in oven-d r ied ( 6 0 ° C ) f i ne ly -
g r o u n d samples. We est imated the l i g n i n con ten t
by measu r ing the d i f ference between c rude f ibe r
and ac id-detergent f iber . No c lear-cut d i f ference
in the levels of these cons t i tuents was observed
between resistant and suscept ib le l ines.
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Tab le 1 1 . Per formance o f some promising pigeonpea lines intercropped w i th m u n g bean , H isar (sown in A p r i l ) ,
1983.
Y i e l d ( k g h a
- 1
)
P l a n t
he igh t
100-seed
mass
M u n g
bean
P i g e o n p e a g r a i n
D a y s t o J u l N o v T o t a l P igeonpea
E n t r y flowering ( c m ) (g) g r a i n harvest harvest T o t a l g r a i n d r i e d s ta l k
D e t e r m i n a t e
I C P L 8 7 76 275 11.6 820 0 3840 3840 4660 22800
I C P L 9 4 76 235 9.1 970 70 2800 2870 3840 15510
I C P L 148 78 235 9.5 520 40 2640 2680 3200 23730
I C P L 312 89 205 13.0 580 50 2110 2160 2740 15050
I C P L 289 88 185 10.8 590 120 1930 2050 2640 5790
I C P L 267 67 195 8.4 780 180 1600 1780 2560 7180
C o n t r o l
I C P L 4 78 175 6.4 380 280 1200 1480 1860 10420
S E ±2.2 ±14 ±0.30 ±196 — ±237 — — ±1205
T r i a l m e a n (n=13) 75 208 8.6 678 84 1970 2054 2732 13240
C V (%) 4 9 5 20 — 17 — — 13
I n d e t e r m i n a t e
I C P L 161 191 292 9.0 570 0 2490 2490 3060 32180
I C P L 314 184 294 8.7 650 0 2280 2280 2930 18980
I C P L 189 186 303 8.2 830 0 2270 2270 3100 29170
I C P L 186 190 299 9.4 1020 0 2240 2240 3260 22920
C o n t r o l
T 21 191 286 6.7 700 0 1940 1940 2640 24770
SE ±2.1 ±10.5 ±0.20 ± 7 4 — ±133 — — ±1564
T r i a l m e a n (n=14) 177 287 8.2 772 — 2013 2013 2785 19280
C V (%) 2 7 4 19 — 13 — — 16
however , can f l o w e r and set pods u n d e r h i gh
tempera tures a n d are capable o f p r o d u c i n g a 
c r o p i n J u l y f o l l o w e d by a 2 n d c r o p i n N o v e m b e r
(Tab le 11). T h e ear ly f l ush o f f l owers a n d pods i s
usua l ly heav i l y a t tacked by p o d bore rs , so j u d i -
c ious use of insect ic ides w i l l be essential to
o b t a i n m a x i m u m benef i t f r o m this system. I n
1983 the t o t a l y ie ld o f g ra in and w o o d us ing th is
system was very h i g h .
T h e norma l -season t r ia ls s o w n in late J u n e a t
H i sa r a lso gave h igh y ie lds (Tab les 12 a n d 13).
Th i s was i n spi te o f a b n o r m a l l y w a r m , d r y
weather , w h i c h caused excessive vegetat ive
g r o w t h , h i g h e r - t h a n - n o r m a l f l o w e r d r o p , and a n
unusua l l y h igh inc idence o f insect damage. T h e
damage caused by Maruca testulal is a n d Cydia 
critica sp was p a r t i c u l a r l y severe in the e x t r a -
shor t d u r a t i o n l ines ( T a b l e 12). A m o n g the
e x t r a - s h o r t - d u r a t i o n l ines I C P L 317 gave a h i g h
y ie ld th is year. I C P L 316 y ie lded as we l l as the
c o n t r o l I C P L 4 (a l ine f r o m P rabha t ) , had g o o d
seed size, and showed resistance or to lerance to
w i l t , p h y t o p h t h o r a b l i gh t , and S M . I t a lso per -
f o r m e d we l l in the 1981 and 1982 t r ia ls a t H isar .
M e d i u m - D u r a t i o n P igeonpea
A t I C R I S A T Center o u r m a j o r p igeonpea
breed ing act iv i t ies con t i nued to be w i t h m e d i u m -
d u r a t i o n types. D u r i n g the year we made 102
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crosses, g rew ou t 259 F 1s, m o r e t h a n 4700 s ingle-
p lan t progenies, 179 b u l k p o p u l a t i o n s , and
tested 1245 advanced l ines f o r y i e l d . W o r k on
th is m a t u r i t y g r o u p a lso c o n t i n u e d to emphas ize
deve lopmen t of l ines tha t resist pests, diseases,
and ab io t i c fac tors tha t reduce y ie ld . (De ta i l s
appeared ear l ier in th is repo r t ) .
L o n g - D u r a t i o n P igeonpea
We c o n t i n u e d t o breed l o n g - d u r a t i o n p igeonpea
a t G w a l i o r and to c o n d u c t t r ia ls a t the M o r e n a
Center o f J a w a h a r l a l N e h r u K r i s h i V i s h w a
V i d y a l a y a , 3 5 k m n o r t h o f G w a l i o r . W e are
emphas iz ing b reed ing l o n g - d u r a t i o n l ines resis-
tan t t o w i l t , s te r i l i t y mosaic ( S M ) , p h y t o p h t h o r a
b l i gh t , and p o d f l y i n o rde r t o s tab i l ize c r o p
y ie lds. Based on g o o d pe r f o rmance over a range
o f env i r onmen ts I C P L 366, a select ion f r o m the
g e r m p l a s m co l l ec t i on 1CP 7105 t ha t i s S M - a n d
a l te rna r ia b l igh t - res is tan t , and has b o l d seed,
was entered i n the L a t e - M a t u r i t y A r h a r C o o r d i -
nated T r i a l ( A C T 3 ) o f A I C P I P . I C P L 84072, a 
select ion f r o m I C P X 74360 ( I C P 7065 x lCP
7035) w i t h resistance to a l l the three m a j o r dis-
eases ( w i l t , S M , and p h y t o p h t h o r a b l i g h t — P 2
isolate), was inc luded i n b o t h the A l l I n d i a C o o r -
d ina ted L a t e - M a t u r i t y Pigeonpea Ster i l i t y Mo-
saic Resistant Y ie ld T r i a l ( L P S R Y ) a n d the
L a t e - M a t u r i t y P igeonpea W i l t Res is tant Y i e l d
T r i a l ( L P W R Y ) .
I n o u r advanced l ines y ie ld t r ia ls th ree I C R I -
S A T l ines s ign i f i can t l y ou ty ie lded the c o n t r o l
var ie ty G w a l i o r 3 a t M o r e n a and y ie lded we l l a t
G w a l i o r (Tab le 14). A l s o a t G w a l i o r we had a 
severe f rost tha t gave us an o p p o r t u n i t y to select
b reed ing l ines w i t h f ros t to lerance or resistance.
T h e i r reac t ion is be ing c o n f i r m e d at H i sa r .
H y b r i d s
New hybrids. We p r o d u c e d and tested 27
s h o r t - d u r a t i o n and 26 m e d i u m - d u r a t i o n h y b r i d s
us ing six male-s ter i le stocks a n d 28 p o l l e n pa r -
ents. One o f o u r s h o r t - d u r a t i o n h y b r i d s , I C P H
8, has s ign i f i can t l y ou ty ie lded the w i d e l y -
adop ted cu l t i va rs U P A S 120 a n d T 2 1 f o r 2 years
(Tab le 15). Th i s year we are p r o d u c i n g e n o u g h
seed o f I C P H 8 in i so l a t i on f o r m u l t i l o c a t i o n a l
tes t ing in 1985.
Conversion. O u r source f o r the ms 1 m a l e -
steri le gene was named I C P P 1 by the I C R I S A T
P lan t M a t e r i a l Release C o m m i t t e e . T h i s source
has been used to i n t r o d u c e male s te r i l i t y by
backcrosses i n t o 12 l ines t h a t have e i ther g o o d
c o m b i n i n g a b i l i t y a n d / o r some o ther special
charac te r i s t i c , such as large seeds or disease re -
T a b l e 12 . Per formance of some promising extra-short d u r a t i o n , determinate pigeonpea lines sown in June ,
H isar , 1983.
P l a n t 100-seed G r a i n
D a y s t o D a y s t o he igh t mass y ie l d
L ines f l o w e r i n g m a t u r i t y ( c m ) (g) ( k g h a - ' )
l C P L 317 72 156 205 8.8 3110
I C P L 8306 73 151 215 7.6 2260
l C P L 287 72 165 180 . 8.4 1830
I C P L 316 70 164 150 9.0 1640
C o n t r o l
I C P L 4 77 136 135 6.3 1620
S E ±0.6 ±2.5 ±2.9 ±0.20 ±77
T r i a l m e a n (n=14 ) 74 152 180 8.2 1766
C V (%) 2 3 3 4 9
188 Pigeonpea 
sistance. These male-ster i le l ines w i l l be used to
b roaden the genet ic base o f female parents in ou r
h y b r i d p ro jec t , and w i l l be made ava i lab le to
those breeders interested in p r o d u c i n g hyb r i ds .
Cons ide r i ng the need f o r disease-resistant
male-ster i le stocks in the p r o d u c t i o n o f disease-
resistant h y b r i d s , the progenies o f w i l t - res is tan t
conver ted l ines C 1 1 , B D N 1 , N P ( W R ) 1 5 , and
Table 13. Per formance of some promising short -durat ion pigeonpea lines sown in June , H isar , 1983.
D a y s t o D a y s t o P l a n t 100-seed G r a i n y i e l d
L ines f l o w e r i n g m a t u r i t y he igh t ( c m ) mass (g) ( k g ha
- 1
)
I C P L 8311 80 159 216 9.8 2390
I C P L 289 75 152 182 10.2 2300
I C P L 8308 104 168 219 10.4 2110
I C P L 8309 78 155 215 10.2 1890
C o n t r o l
I C P L 4 75 139 204 6.2 1300
S E ±1.3 ±2.5 ±4.2 ±0.3 ±138
T r i a l m e a n (n=26) 83 159 201 9.37 1805
C V ( % ) 2 3 4 5 13
I C P L 84023 79 167 223 9.0 3010
I C P L 84026 79 157 215 8.6 2840
I C P L 84025 104 176 214 10.1 2460
I C P L 84022 91 173 195 12.2 2410
C o n t r o l
I C P L 8 7 105 180 219 11.2 2260
SE ±1.9 ±3.6 ±8.7 ±0.36 ±180
T r i a l m e a n (n=36) 87 166 207 9.13 1967
C V ( % ) 3 3 5 5 11
I C P L 84048 102 164 259 9.1 2750
I C P L 84045 95 165 267 11.1 2520
I C P L 84044 97 164 269 12.2 2550
C o n t r o l
U P A S 120 105 167 268 7.4 2360
S E ±1.7 ±2.9 ±9.2 ±0.2 ±176
T r i a l m e a n (n=30) 98 162 256 8.90 2075
C V ( % ) 3 3 6 4 15
I C P L 84052 94 166 261 10.1 3010
I C P L 84050 97 169 253 7.4 2780
I C P L 84051 95 160 259 9.8 2740
C o n t r o l
U P A S 120 107 169 261 7.3 2090
S E ±1.0 ±2.0 ±10.0 ±0.2 ±179
T r i a l m e a n (n=30) 103 169 257 8.97 2362
C V ( % ) 2 2 7 4 13
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I C P 3783 were screened f o r resistance in the
I C R I S A T w i l t - s i ck nursery a l o n g w i t h 65 selec-
t ions f r o m M S 3 A . F r o m al l th is ma te r i a l w e
f o u n d over 30 progenies tha t had less t h a n 10%
w i l t . We w i l l a t t e m p t t o c o n f i r m the resistance o f
these l ines in the c o m i n g year us ing sib seed.
N i n e male-ster i le conver ted progenies o f I C P
3783 were also f o u n d to be comp le te l y free f r o m
S M disease.
W i t h the a v a i l a b i l i t y o f disease-resistant ma le -
steri le stocks we w i l l be ab le to deve lop m e d i u m -
d u r a t i o n w i l t - and SM- res i s tan t hyb r i ds . T o
meet f u t u r e needs we have i den t i f i ed m o r e
disease-resistant a n d a g r o n o m i c a l l y - s u p e r i o r
l ines i n d i f fe ren t m a t u r i t y g roups f o r conve rs ion .
Clonal propagat ion. D u r i n g th is year we d e m -
ons t ra ted the ease w i t h w h i c h p igeonpea cu t t ings
Table 15. Per formance of short -durat ion pigeonpea hybr id I C P H 8 grown in 1982 and 1983 at H isar . Characters
other than yield are only reported for 1983.
D a y s t o
f l o w e r i n g
D a y s t o
m a t u r i t y
P l a n t
he igh t ( c m )
Seeds
p o d
- 1
100-seed
mass (g)
Y i e l d ( k g ha"
1
)
En t r i es 1982 1983 M e a n
I C P H 8 108 171 312 3.8 8.9 3900 3560 3730
C o n t r o l s
U P A S 120 106 173 274 3.5 7.8 2230 2660 2445
T 21 112 171 308 3.6 8.3 2930 2510 2720
H 7 7 - 2 1 6 91 151 259 3.4 7.9 — 2170 —
SE ±0.8 ±1.7 ±8.5 ±0.18 ±0.15 ±100 ±176
C V (%) 1 2 5 9 3 8 13
Table 14. Per formance of promising pigeonpea lines in yield tests of long-dura t ion , advanced lines, Gwal io r
1
and M o r e n a , rainy season 1 9 8 3 / 8 4 .
D a y s t o
f l o w e r i n g
D a y s t o
m a t u r i t y
100-seed
mass (g)
G r a i n y i e l d ( k g ha
- 1
)
E n t r y G w a l i o r M o r e n a M e a n
I C P L 354 148 255 8.3 2 7 1 0 ( 1 0 )
2
3120 (1) 2912
C o n t r o l
G w 3 151 252 8.4 2730 (9) 2 4 6 0 ( 1 2 ) 2594
S E ±1.6 ±1.5 ±0.37 ±306 ±219 —
T r i a l m e a n (n=16) 149 253 8.6 2690 2580 2636
C V (%) 2 1 7 23 15 —
I C P L 83140 149 252 9.2 2570 (2) 3140 (2) 2853
I C P L 83143 152 251 8.5 2040(12 ) 3160 (1) 2601
C o n t r o l
G w 3 148 256 8.5 2130 (9) 2370 (16) 2249
SE ±1.3 ±1.2 ±0.26 ±277 ±245
—
T r i a l m e a n (n=20) 150 252 8.8 2150 2600 2372
C V (%) 2 1 5 26 16
1 . G r a i n y i e l d d a t a o n l y .
2 . F i g u r e s i n pa ren theses rep resen t o v e r a l l r a n k i n t r i a l .
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can be used to p ropaga te special ma te r i a l . We
used penc i l - t h i ck pieces a r o u n d 15 cm l o n g ,
e i ther g r o w n d ipped in a h o r m o n e s o l u t i o n , o r
d ipped in a c o m m e r c i a l h o r m o n e p o w d e r and
p lanted in mo is t sand ( F i g . 11). O u r p rev ious
a t tempts us ing mist p ropaga to rs had been
plagued by the mate r ia l r o t t i n g , p r o b a b l y
because o f excessive h u m i d i t y . Th i s p rocedure
w i l l p e r m i t p r o d u c t i o n o f gene t i ca l l y -un i f o rm
lines f o r special studies, e.g., on w i l t resistance,
and Rhizobium i n fec t i on . Because there is
a p p r o x i m a t e l y 2 0 % outc ross ing in p igeonpea i t
is d i f f i cu l t to p roduce gene t i ca l l y -un i f o rm seed
f o r such studies. In a d d i t i o n we have used i t to
m a i n t a i n and p ropagate special ma te r i a l such as
male- and female-ster i le p lan ts , t e t rap lo ids , and
cer ta in mu tan t s w i t h l o w fe r t i l i t y .
Figure 1 1 . R o o t e d pigeonpea cutting grown with
lower end dipped in aqueous hormone solut ion.
F o r the past 2 seasons, we have been tes t ing
pigeonpea lines tha t have shown resistance to
w i l t a t I C R l S A T Center f o r the i r pe r f o rmance
against w i l t i n Kenya and M a l a w i . Th is year we
star ted an I n t e r n a t i o n a l P igeonpea W i l t Nu rse ry
( I P W N ) fo r u n i f o r m test ing o f 64 entr ies a t
K a t u m a n i , K e n y a , and B v u m b w e , M a l a w i . T h e
results are repor ted in I C R l S A T Pulse P a t h o l -
ogy Progress R e p o r t N o . 43 ava i lab le f r o m the
Pulses I m p r o v e m e n t P r o g r a m , I C R I S A T .
D u r i n g 1984 we d i s t r i bu ted a lmos t 200 y ie ld
t r ia ls to wo rke rs in 17 count r ies . T h e Pigeonpea
Obse rva t i on Nu rse ry ( P O N ) con t i nued to be the
single most- requested t r i a l . W h e n researchers
g r o w this nursery its w ide range o f m a t u r i t y ,
p lan t types, and resistances permi ts t h e m to
iden t i f y the class or type o f ma te r ia l sui ted to
the i r g r o w i n g cond i t i ons . Resul ts f r o m P O N
have helped us iden t i f y w h i c h of ou r el i te y ie ld
t r ia ls to send as a f o l l o w - u p i f requested. S h o r t -
d u r a t i o n t r ia ls accounted f o r a lmos t 7 0 % o f the
f o l l o w - u p t r ia ls d ispatched in 1984.
Coopera t i ve Act iv i t ies
I n t e r n a t i o n a l Tr ia ls
International Pigeonpea Wi l t Nursery
Al l India Coordinated Trials
Cooperat ion with A I C P I P
Al l India Arhar (Pigeonpea) Varietal T r i -
als. We con t i nued to screen entr ies and breed-
ing mater ia ls f r o m A I C P I P scientists f o r
resistance t o w i l t , p h y t o p h t h o r a b l igh t , and S M ,
and c o m m u n i c a t e d ou r results to t h e m .
I C A R / I C R I S A T disease nurseries. We oper-
ated f o u r cooperat ive disease nurseries w i t h
A I C P I P patho log is ts . These were: I C A R / I C R I -
S A T U n i f o r m T r i a l s o f P igeonpea f o r W i l t R e -
s i s t a n c e ( I I U T P W R ) , S t e r i l i t y M o s a i c
Resistance ( I I U T P S M R ) , P h y t o p h t h o r a B l i gh t
Resistance ( I I U T P P B R ) , and A l t e r n a r i a B l i gh t
Resistance ( I I U T P A B R ) . The results o f the f o u r
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Table 16. Per formance of I C R I S A T pigeonpea entries in AH Ind ia Coord inated Pulses I m p r o v e m e n t Project
( A I C P I P ) A C T 2 t r ia l at eight locations in Peninsular Ind ia , rainy season 1983.
Years D a y s t o D a y s t o P l a n t 100-seed G r a i n y i e l d
En t r i es tested f l o w e r i n g m a t u r i t y he igh t ( c m ) mass (g) ( k g h a
- 1
)
H y b r i d s
I C P H 2 4 119 164 146 7.5 1760 ( 3 )
1
I C P H 7 2 134 167 154 8.1 1800 (2)
L ines
I C P L 270 3 122 165 139 10.1 1810 (1)
I C P L 304 2 132 169 146 9.4 1670 (8)
I C P L 265 1 133 166 162 7.7 1 6 1 0 ( 1 2 )
I C P L 295 1 131 168 147 8.6 1600 (14)
C o n t r o l s
B D N 1 — 122 159 131 9.5 1600 (13)
C 11 — 128 168 150 9.1 1720 (6)
M e a n — — — — — 1600
1 . F i g u r e s i n pa ren theses rep resen t o v e r a l l r a n k i n t r i a l s .
nurseries were presented separately in I C R I S A T
Pulse P a t h o l o g y Progress R e p o r t s N o s .
36,37,35, and 42 , respect ively (ob ta inab le f r o m
the Pulses I m p r o v e m e n t P r o g r a m , I C R I S A T ) .
We con t i nued t o cooperate w i t h A I C P I P . One
quar te r o f the entr ies in the 1983/84 A r h a r C o o r -
d ina ted T r ia l s ( A C T ) were submi t t ed b y I C R I -
S A T w i t h i n t h e e x t r a - e x t r a - e a r l y t r i a l
( E X A C T ) , n ine i n the ex t ra-ear ly t r i a l ( E A C T ) ,
t w o in the ear ly t r i a l ( A C T 1), seven in the
m e d i u m - m a t u r i n g t r i a l ( A C T 2) , and f o u r i n the
l a te -ma tu r i ng t r i a l ( A C T 3).
I n E A C T I C P L 87, 151, 155, and 317 l ooked
g o o d , a l l be ing de te rmina te and hav ing good
yie ld and seed size. I C P L 317 is p a r t i c u l a r l y
in te res t ing because of its large wh i t e seed. In
A C T 1 I C P L 189 genera l ly y ie lded as we l l as the
c o n t r o l cu l t i va r T 21 bu t had larger seeds.
I n A C T 2 , the t w o hyb r ids I C P H 2 and I C P H
7 p e r f o r m e d bet ter t h a n the c o n t r o l cu l t i va rs
(Tab le 16). I C P L 270, an advanced b reed ing
l ine , con t i nued to p e r f o r m we l l . On the basis o f
mean pe r fo rmance over eight loca t ions in the
Pen insu la r Z o n e , I C P L 270 ranked 1st f o l l o w e d
by I C P H 2 and I C P H 7 .
Workshops, Conferences,
and Seminars
Pigeonpea Scientists' Meet
Over 50 p igeonpea scientists f r o m A u s t r a l i a ,
Cape Verde Is lands, I n d i a , K e n y a , the P h i l i p -
p ines, and T h a i l a n d a t tended a meet to see w o r k
on s h o r t - d u r a t i o n p igeonpea a t H A U , H isa r , 18-
20 Oc tober . There was a shar ing of ideas a m o n g
par t i c ipan ts represent ing b reed ing , p a t h o l o g y ,
e n t o m o l o g y , phys io logy , a g r o n o m y , and m i c r o -
b io l ogy d isc ip l ines. Repor ts ind ica ted a d r a -
mat i c increase in the area be ing sown to
s h o r t - d u r a t i o n p igeonpea a need f o r st i l l ear l ier
cu l t i va rs ; the necessity o f easier pest c o n t r o l to
ensure ear ly m a t u r i t y and h i g h y ie lds; a need f o r
s h o r t - d u r a t i o n p igeonpeas resistant to p h y -
t o p h t h o r a b l i gh t a n d s ter i l i t y mosa ic , and an
increas ing interest in s h o r t - d u r a t i o n p igeonpea
f r o m count r ies outs ide I n d i a . Select ions were
made b y the pa r t i c ipan ts f r o m I C R I S A T ma te -
r i a l in the f i e ld .
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Visit ing scientists inspecting short -durat ion pigeon-
pea and mak ing selections of I C R I S A T mater ia l dur-
ing meeting at H isar , October 1984.
Consultants Workshop on Adaptat ion of
Chickpea and Pigeonpea for Tolerance to
Abiot ic Stresses
Th is w o r k s h o p was held a t I C R I S A T Center ,
19-21 December to rev iew the cu r ren t k n o w l -
edge on ch ickpea and p igeonpea to lerance to
such ab io t i c stresses as wate r ( d r o u g h t and
wa te r l ogg ing ) , sa l in i t y , p H , a n d o thers , a n d t o
f o r m u l a t e a p r o g r a m o f f u t u r e w o r k . F ive c o n -
su l tants f r o m f o u r coun t r ies and I C R I S A T staf f
pa r t i c i pa ted .
The mee t ing f o u n d a need f o r a p rope r assess-
men t o f the m a g n i t u d e , a n d t i m i n g o f occur rence
of d i f fe ren t types o f stresses, a n d the re la t ive
losses in y ie ld tha t they induce in these t w o crops
in d i f fe rent reg ions. Discussions on d r o u g h t
were a r o u n d three m a j o r po in ts : c l i m a t o l o g i c a l
q u a n t i f i c a t i o n , c rop management strategies in
d r o u g h t e n v i r o n m e n t s , a n d c r o p i m p r o v e m e n t
f o r d r o u g h t to le rance. W a t e r l o g g i n g , sa l in i t y ,
and l o w p H p rob lems were discussed i n d e p t h , i n
terms o f the re la t ive mer i ts o f a m e l i o r a t i o n , o r
c r o p i m p r o v e m e n t strategies to cope w i t h the
p r o b l e m .
I t was apparen t f r o m the de l ibe ra t ions t ha t
very l i m i t e d i n f o r m a t i o n is ava i lab le on the
response to d r o u g h t and o ther stresses in b o t h
the c rops , a n d on d r o u g h t i n p igeonpea i n pa r t i c -
u lar . Proceedings are in p r e p a r a t i o n and w i l l be
ava i lab le f r o m I n f o r m a t i o n Services, I C R I S A T .
Looking Ahead
We expect to p r o v i d e s h o r t - d u r a t i o n l ines su i ta -
ble f o r ear ly sow ing i n te rc ropped in no r thwes t
Ind ia w i t h sho r t - du ra t i on legumes such as m u n g
bean. We expect also to p rov ide ex t ra -shor t
d u r a t i o n l ines tha t can be sown in the same area
as late as ear ly A u g u s t , yet be harvested by m i d -
N o v e m b e r in t ime to p lan t wheat . W i t h the sta-
t i o n i n g of a p igeonpea breeder at the G w a l i o r
coopera t ive research center we w i l l in tens i fy ou r
ef for ts to breed l o n g - d u r a t i o n p igeonpeas w i t h
stable h igh y ie lds. We w i l l con t i nue to cross the
h igh -pe r fo rmance , resistant mate r ia l we have
bred in o rder to p roduce h igh -pe r fo rmance gen-
otypes o f a l l m a t u r i t y g roups w i t h c o m b i n e d
disease and insect resistances.
W o r k o n d e t e r m i n i n g o p t i m u m a g r o n o m i c
pract ices f o r mu l t ip le -harves t systems of ear ly
pigeonpeas w i l l con t inue . Studies on d r o u g h t ,
and in terac t ions between d r o u g h t and m ine ra l
nu t r ien t stress w i l l in tens i fy . Screening f o r to le r -
ance to sa l in i ty and wa te r l ogg ing w i l l con t i nue .
Invest igat ions o f possible a n n u a l characters in
p igeonpea w i l l be unde r taken . Responses of
p igeonpea to shad ing , pa r t i cu la r l y to de te rm ine
react ions o f d i f fe rent genotypes to i n t e r c r o p -
p i ng , w i l l be s tud ied .
W e w i l l deve lop a p p r o p r i a t e m e t h o d o l o g y t o
enable us to detect s i tuat ions where p igeonpea is
l i ke ly to respond to rh i zob ia l i n o c u l a t i o n .
M e t h o d s f o r de tec t ing di f ferences between Rhiz-
obium s t ra ins, and N - f i x i n g ab i l i t y in p igeonpea
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genotypes w i l l be re f ined . Studies on the res idua l
effects o f p igeonpea w i l l con t i nue . An assess-
men t w i l l be made o f the po ten t i a l f o r m y c o r -
rh i za l i n o c u l a t i o n .
We expect the analyses o f the p h e r o m o n e and
l i gh t t r a p data to increase o u r unde rs tand ing o f
the fac tors tha t in f luence the seasonal p o p u l a -
t ions of Heliothis armigera. Progress in hos t -
p lan t resistance to b o t h p o d bore r and p o d f l y
shou ld soon m a k e ava i lab le genotypes t h a t w i l l
ensure g o o d y ie lds under fa rmers ' f i e ld c o n d i -
t ions w i t h o u t excessive use of pest icides.
We w i l l in tens i fy o u r studies on the phys i o -
log ic races o f var ious pathogens. P u r i f i c a t i o n o f
the s ter i l i ty mosa ic v i rus w i l l be a t t emp ted .
E p i d e m i o l o g i c a l studies on w i l t and p h y t o p h -
t ho ra b l igh t w i l l con t i nue . W o r k o n fungus -
nematode i n te rac t i on w i l l be i n i t i a ted .
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G R O U N D N U T
Seventy percent o f the wo r l d ' s g r o u n d n u t s , m o r e
t h a n any o ther legume, are p roduced in the semi -
a r i d t rop ics ( S A T ) . C o n t a i n i n g a p p r o x i m a t e l y
2 5 % p r o t e i n and 5 0 % edib le o i l , g r o u n d n u t s are
i m p o r t a n t t o S A T fa rmers as f o o d and f o r cash.
T h e hau lms r e m a i n i n g af ter the pods are
r e m o v e d , are a va luab le , n u t r i t i o u s a n i m a l feed.
T h e average y ie ld o f g r o u n d n u t i n the S A T
remains ex t reme ly l o w ( a r o u n d 800 kg ha
- 1
 d r ied
pods) and f luc tuates w ide l y due to unre l iab le
ra i n fa l l . Disease a n d insect pest a t tack also
severely reduce y ie lds.
D u r i n g the 1983/84 pos t ra iny and 1984 ra i ny
seasons, we con t i nued research i n t o disease and
insect pest p rob lems , d r o u g h t and n u t r i e n t
stresses. We also s tud ied in te rac t ions between
the var ious stress fac tors . O u r c o n t i n u i n g i m -
p rovemen t strategy is to use the genetic d i ve r -
s i ty in g r o u n d n u t a n d its w i l d re lat ives to breed
fo r stable resistance or to lerance to the m a j o r
y ie ld reducers.
Table 1. Groundnut lines identif ied as tolerant or
susceptible in drought-screening exper iments, 1 C R I -
S A T Center , postrainy seasons 1981-83.
G e n o t y p e R e a c t i o n t o d r o u g h t
G N P 35 T o l e r a n t
I C G 1660 T o l e r a n t
I C G 3386 T o l e r a n t
I C G 3736 T o l e r a n t
I C G 296 T o l e r a n t
I C G 405 T o l e r a n t
I C G 1697 T o l e r a n t
I C G 4790 T o l e r a n t
I C G 4747 T o l e r a n t
I C G 6997 T o l e r a n t
I C G 2960 T o l e r a n t
I C G 3301 T o l e r a n t
I C G 4544 T o l e r a n t
I C G 4728 T o l e r a n t
I C G 3657 T o l e r a n t
I C G 6256 Suscept ib le
I C G 5274 Suscep t ib le
I C G 3073 Suscep t ib le
I C G 3500 Suscep t ib le
Physical Stresses
D r o u g h t
Screening Genotypes
D u r i n g the 1983/84 pos t ra i ny season 477 geno-
types cons is t ing of 295 b reed ing l ines and 182
ge rmp lasm lines were screened f o r the i r response
to three d r o u g h t pat terns (mid-season stress, ter -
m i n a l stress, a n d l o n g - d u r a t i o n stress). L ines
iden t i f i ed in ear l ier d r o u g h t screening were also
inc luded . L ines f o u n d to be e i ther suscept ib le or
to le ran t / res i s tan t in three seasons are l isted in
Tab le 1.
tested in 96 d i f fe ren t i r r i g a t i o n t rea tments tha t
var ied the in tens i ty (8 levels), d u r a t i o n ( b o t h
single and m u l t i p l e ) , and t i m i n g o f d r o u g h t p e r i -
ods (12 pa t te rns , P1 -P12 , s h o w n in F igu re 1). We
made f u r t h e r analyses o f th is da ta set to inves t i -
gate the in te rac t ions o f genotypes w i t h d r o u g h t s
o f d i f fe ren t k i nds .
We expressed the in tens i ty o f d r o u g h t as the
percentage water def ic i t ( I ) ca lcu la ted us ing the
f o r m u l a : 
Drought Physiology
Las t year ( I C R I S A T A n n u a l R e p o r t 1983,
p. 184) we repor ted an exper iment where 25 geno-
types w i t h d i f f e r i ng d r o u g h t responses, as char -
acter ized in the d rough t -sc reen ing process, were
where E = c u m u l a t i v e wa te r e v a p o r a t i o n ,
and
W = cumu la t i ve wa te r app l i ed d u r i n g
the phase o f de f i c i t i r r i g a t i o n
Excep t where p lan t m o r t a l i t y occur red as a 
result o f p ro l onged d r o u g h t , the re la t i onsh ip
l = x 100
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between in tens i ty o f stress and y ie ld was a lways
l inear. T h e slope o f th is regression was there fore
the sensi t iv i ty o f the genotype , o r g r o u p o f geno-
types, t o tha t pa r t i cu l a r pa t t e rn o f d r o u g h t .
We then invest igated the m a i n effects o f the
d u r a t i o n a n d t i m i n g o f d rough t s o n the mean
sensi t iv i ty o f th is g r o u p o f genotypes, by e x a m i n -
i n g the sens i t iv i ty to increas ing in tens i ty f o r the
12 d r o u g h t pat terns. F o r d rough t s las t ing a b o u t
30 days, the later in the g r o w i n g season these
occur red , the greater the resu l t ing y ie ld loss f r o m
a g iven in tens i ty of d r o u g h t . A s im i la r effect
occur red w h e n the d rough ts lasted longer.
Because the y ie ld loss was var ied by the t i m i n g of
the d r o u g h t , the d i rec t re la t i onsh ip between sen-
s i t i v i t y and d r o u g h t d u r a t i o n was re la t ive ly p o o r
(r
2
 = 0.43).
Howeve r , the effect o f d r o u g h t d u r a t i o n on
sensi t iv i ty was f o u n d to be very m u c h better
cor re la ted f o r t w o g roups o f t rea tments : w h e n
the crops had been d r o u g h t e d in the ear ly p re -
f l o w e r i n g phase (r
2
 = 0.85), and when the crops
Figure 1. D u r a t i o n a n d t im ing of drought periods in groundnut stress tr ia l (12 drought patterns, P1 - P 1 2 ) ,
I C R I S A T Center , postrainy season 1 9 8 3 / 8 4 .
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had been we l l - i r r iga ted for tha t phase (r
2
 = 0.25).
The d r o u g h t sensi t iv i ty was greatest f o r a g iven
d r o u g h t d u r a t i o n w h e n the c r o p had i n i t i a l l y
been we l l - i r r i ga ted (F ig .2 ) . I f the cond i t i ons d u r -
i ng the p re f l owe r i ng phase, and the d r o u g h t
d u r a t i o n were cons idered, we cou ld account f o r
8 5 % o f the v a r i a t i o n in sensi t iv i ty .
We f o u n d tha t the genotype's y ie ld po ten t i a l
cou ld have a large in f luence on its sensi t iv i ty to
cer ta in pat terns o f d r o u g h t . I n some d r o u g h t
pat terns (F ig .3 ) the y ie ld po ten t i a l accounted f o r
9 5 % o f the v a r i a t i o n i n d r o u g h t sens i t iv i ty , wh i l e
in others y ie ld po ten t i a l was no t re lated to
d r o u g h t sens i t iv i ty (F ig .4 ) .
Genera l l y , there was a pa t te rn in the r e l a t i o n -
ship between y ie ld po ten t i a l and d r o u g h t sensi-
t i v i t y . Whe re d r o u g h t occur red over the f i na l
g r o w t h phases (see F i g . 1), the y ie ld po ten t i a l was
very we l l - re la ted to d r o u g h t sensi t iv i ty , suggest-
ing tha t resistance to end-of-season d rough ts
w i l l no t be achieved in l ines w i t h h igh y ie ld
po ten t i a l . H o w e v e r , as the per iod between the
rel ief o f stress by i r r i g a t i o n and harvest
increased, the d r o u g h t sensi t iv i ty was genera l ly
Figure 3. Relat ionship between groundnut yield
potential measured as pod yield (g n r
2
) and crop
sensitivity under nonstressed condit ions (pod dry
mass g n r
2
 unit"
1
 water deficit) in a long-term drought
treatment , I C R I S A T Center, postrainy season
1 9 8 3 / 8 4 .
less related to y ie ld p o t e n t i a l I t w o u l d be poss i -
ble to select h igh -y ie ld ing l ines resistant to ear ly
pat terns o f d r o u g h t . We are cons ider ing the
i m p l i c a t i o n s o f these responses t o c r o p
i m p r o v e m e n t .
In ano the r exper imen t d u r i n g the 1983/84
pos t ra iny season we exam ined in de ta i l the geno-
Figure 2 . Effect of t im ing , intensity, and dura t ion of
drought stress (days) on groundnut crop sensitivity
measured as pod dry mass g m
-2
 un i t
- 1
 water deficit for
12 drought patterns ( P 1 - P 1 2 ) , I C R I S A T Center,
postrainy season 1 9 8 3 / 8 4 .
F igure 4. Relat ionship between groundnut yield
potential measured as pod yield (g m
- 2
) under n o n -
stressed condit ions and crop sensitivity (pod dry mass
g n r
2
 unit
- 1
 water deficit) fo l lowing the relief by irr iga-
t ion o f mid-season drought , I C R I S A T Center , pos-
trainy season 1 9 8 3 / 8 4 .
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t y p i c v a r i a t i o n i n the recovery response f r o m
mid-season stress. We subjected 144 g e r m p l a s m
lines to mid-season stress f r o m 53 to 92 days
af ter s o w i n g ( D A S ) , a f ter w h i c h stress was
rel ieved by i r r i g a t i o n . S ign i f i can t geno typ ic d i f -
ferences in p o d es tab l ishment were observed
af ter the stressed p lants were i r r i ga ted ( F i g . 5).
We comp le ted analysis o f a co l l abo ra t i ve
expe r imen t w i t h an O D A - f u n d e d pro jec t a t the
Un ivers i t y o f N o t t i n g h a m , U K , d u r i n g the 1981 /
82 p o s t r a i n y season. T h e expe r imen t was de-
signed to see h o w s o w i n g dens i ty can be used
to ad jus t the balance between the so i l supp ly and
the a tmosphe r i c d e m a n d fo r water . F o u r p o p u l a -
t ions o f g r o u n d n u t ( T M V 2 ) were m a i n t a i n e d o n
stored wa te r f r o m 4 4 D A S u n t i l f i n a l harvest a t
97 D A S . T h e p o p u l a t i o n s establ ished were 22.9
( A ) , 11.4 ( B ) , 6.6 ( C ) , a n d 0.6 ( D ) p lan ts m
2
.
S h o o t a n d p o d masses were measured f ive
t imes in the season by s tandard g r o w t h analysis
techn iques, and r o o t masses in the A , B , a n d C 
p o p u l a t i o n s were measured us ing cub ic corers
pushed i n t o the sides of t renches across adjacent
rows . We est imated so i l -water con ten t us ing a 
n e u t r o n p r o b e every 5 days between 50 and 95
D A S , a n d c o n t i n u o u s l y recorded l igh t in te rcep-
t i o n us ing tube so lar imeters .
D r y matter and water use. Because p lan t
g r o w t h i s c losely re la ted to t r a n s p i r a t i o n , the
Figure 6 . Relat ionship between t ranspirat ion ( m m )
and shoot mass (g m
- 2
) in groundnuts at three plant
populat ions, I C R I S A T Center , postrainy season
1 9 8 3 / 8 4 .
p r o d u c t i v i t y of a c r o p is o f ten expressed in te rms
o f its water -use ra t i o ( W U R ) , i.e., the ra t i o o f d r y
mass to t o t a l wa te r use). In F igu re 6 the s lope of
the regression shows the W U R f o r shoots , aver-
aged over the f o u r p o p u l a t i o n s a t f i n a l harvest .
T h e f igu re also shows in te rmed ia te harvests in
the A, B, a n d C p o p u l a t i o n s , bu t in the D p o p u -
l a t i o n o n l y the f i n a l harvest is i nc luded because
abso lu te values were sma l l . T h e average W U R
was 1.58 mg g
- 1
. F o r mos t of the season, the A 
p o p u l a t i o n cons is tent ly p r o d u c e d m o r e d r y
mass o f shoots u n i t
- 1
 o f wa te r t ransp i red t h a n
the o the r p o p u l a t i o n s . T h e c o r r e l a t i o n between
shoot d r y m a t t e r and t r a n s p i r a t i o n was re la-
t i ve ly p o o r w h e n averaged over a range o f p o p u -
la t ions . H o w e v e r , w h e n roo ts were i nc luded in
the d r y - m a t t e r c o m p o n e n t ( F i g . 7) , the re l a t i on
was l inear , b o t h d u r i n g the season a n d as an
average. T h e W U R was ca lcu la ted f o r t o t a l d r y
mass o f shoots and roo ts in the A, B, and C 
p o p u l a t i o n s , b u t p o p u l a t i o n D was exc luded
because roo ts were no t measured . T h e W U R f o r
t o t a l d r y ma t t e r ( T D M ) was 3.33 m g g
- 1
.
Ove r the season, the mean v a p o r - c o n -
c e n t r a t i o n d i f fe rence between leaf and a i r
increased f r o m 14 to 20 g m
- 2
.
Figure 5 . P o d in i t ia t ion (pods m
- 2
) fo l lowing the relief
by i r r igat ion of drought stress a t 95 D A S for three
groundnut genotypes, I C G 3332 , I C G 3 1 1 3 , and I C G
2239 , I C R I S A T Center , postrainy season 1 9 8 3 / 8 4 .
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Figure 7 . Relat ionship between transpirat ion ( m m )
and tota l dry mat ter ( T D M , g m
- 2
) in groundnuts a t
three plant populat ions, l C R I S A T Center , postrainy
season 1 9 8 1 / 8 2 .
D r y matter and light interception. F i gu re 8 
shows the re la t i on between a c c u mu la ted d r y
mass o f shoots between 47 and 90 D A S , and the
a m o u n t o f l i gh t in te rcep ted over the same
p e r i o d . T h e slope o f the l ine is the l igh t -use r a t i o
( L U R ) . D u r i n g the season, the slope o f the
regression was aga in greater t h a n t ha t a t f ina l
harvest ( L U R = 0.42 g M J
- 1
) . In F i gu re 9 the
re la t i onsh ip i s s h o w n f o r T D M a n d , a s w i t h
t r a n s p i r a t i o n , the L U R f o r f i n a l harvest c losely
ma tched the cons tan t o f p r o p o r t i o n a l i t y over the
w h o l e season. T h e slope of the l ine was 1.01 g 
M J
- 1
. T h e last t w o harvests o f p o p u l a t i o n A fe l l
be low the l ine o f average L U R ; the i nc remen t i n
T D M over th is pe r i od was less t h a n tha t p re -
d ic ted f r o m the L U R establ ished ear l ier i n the
season.
T h i s s tudy p rov ides f u r t h e r e x p e r i m e n t a l e v i -
dence tha t d r y ma t te r is a p red ic tab le f u n c t i o n of
t ransp i red wa te r , and o f l i gh t i n t e r cep t i on w h e n
wate r i s no t l i m i t i n g . T h e re la t i onsh ip was i nde -
pendent o f s o w i n g dens i ty . T h e analys is i s u n u -
sual because i t inc ludes the c o n t r i b u t i o n o f roo ts
t o the T D M . W h e n they were i n c l u d e d , a g o o d
c o r r e l a t i o n ex is ted between T D M and t r a n s p i r a -
t i o n over a range o f p o p u l a t i o n s a n d seasonal
t r a n s p i r a t i o n . T h e c o r r e l a t i o n was m a i n t a i n e d
because the increased a l l o c a t i o n o f ass imi la te to
the roo ts as d r o u g h t deve loped large ly c o m p e n -
sated f o r the c u r t a i l i n g o f shoo t g r o w t h , as can
be seen by c o m p a r i n g F igures 7 a n d 8.
I n the f i e l d , the mos t i m p o r t a n t in f luence o n
W U R i s the g rad ien t o f v a p o r c o n c e n t r a t i o n ( X ) ,
between tha t i n the leaf ( X 1 ) a n d t h a t i n the a i r
( X 2 ) . W U R i s l i nea r l y re la ted t o the rec ip roca l o f
X when o the r fac tors r e m a i n cons tan t . A change
in e i ther X 1 o r X 2 can in f luence X . I n th is s tudy ,
y = 1 5 . 3 + 3 . 0 0 x , r se = 22
r = 0 . 8 2 , P < 0 . 0 1 .
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Figure 9 . Relat ionship between tota l intercepted rad i -
a t ion ( M J m~
2
) and tota l dry mat ter ( T D M , g n r
2
) i n
groundnuts a t three plant populat ions, I C R I S A T
Center , postrainy season 1 9 8 1 / 8 2 .
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Figure 8. Relat ionship between tota l intercepted rad i -
at ion ( M J m
- 2
) and shoot mass (gm
- 2
) i n groundnuts
at three plant populat ions, I C R I S A T Center , post-
rainy season 1 9 8 1 / 8 2 .
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X was p r o b a b l y independen t o f p o p u l a t i o n
because p lo ts were t o o sma l l to have systemat ic
di f ferences in a i r t empera tu re o r v a p o r con ten t .
The re were di f ferences in leaf t empera tu re (and
there fore X) between p o p u l a t i o n s as d r o u g h t
stress deve loped in the denser stands. H o w e v e r ,
these d i f ferences were ev ident d u r i n g the m i d d l e
o f the day w h e n t r a n s p i r a t i o n and ass im i l a t i on
rates were l o w . Changes in X are u n l i k e l y to have
great ly i n f luenced the abso lu te values o f W U R .
V a r i a t i o n s i n W U R between crops are m o r e
l i ke l y to be caused by d i f ferences in the balance
between the supp ly o f soi l wa te r a n d the a t m o s -
pher ic d e m a n d f o r t r a n s p i r a t i o n .
F igu re 10 compares seasonal t r a n s p i r a t i o n
w i t h accumu la ted l igh t i n t e r cep t i on , a n d i l l us -
t rates the seasonal in f luence o f d r o u g h t on p o p u -
l a t i o n A . F o r p o p u l a t i o n s B and C , t r a n s p i r a t i o n
increased l i nea r l y w i t h in tercepted r a d i a t i o n a t
0.37 m m M J
- 1
, Because d r o u g h t was never
severe, t r a n s p i r a t i o n (and there fo re d r y ma t t e r )
was ab le to keep pace w i t h l igh t i n t e r c e p t i o n .
P o p u l a t i o n A , however , behaved d i f f e ren t l y ; the
slope o f the re l a t i on was o n l y 0.23 m m M J
- 1
.
Even ear ly in the season the da i l y u p t a k e o f
wa te r was insu f f i c ien t to susta in the evapo ra t i ve
d e m a n d o f the canopy i n th is p o p u l a t i o n .
Figure 10. Relationship between total intercepted
radiation ( M J m
-2
) and transpiration (mm) in ground-
nuts at three plant populations, I C R I S A T Center,
post rainy season 1981/82.
Bio t ic Stresses
Diseases
T h e mos t ser ious diseases o f g r o u n d n u t on a 
w o r l d w i d e basis are rus t , caused by Puccinia 
arachidis, ear ly leaf spot , caused by Cercospora 
arachidicola, and late leaf spo t , caused by Cer-
cosporidium personatum. I n d i v i d u a l l y , each of
these diseases can reduce y ie lds by m o r e t h a n
5 0 % ; w h e n they occur toge ther , as they o f ten d o ,
losses can be even greater . T h e a f l a t o x i n p r o b -
lem is a lso w o r l d w i d e . V i r u s diseases can
ser ious ly damage g r o u n d n u t s b u t , except f o r
peanut m o t t l e v i rus ( P M V ) , they tend to be res-
t r i c ted in d i s t r i b u t i o n . H o w e v e r , the recent ly -
descr ibed peanut s t r ipe v i rus disease ( P S t V ) a lso
appears to be w i d e l y - d i s t r i b u t e d , and mer i t s
concern .
Bac te r ia l w i l t , caused by Pseudomonas so la-
nacearum is i m p o r t a n t in regions of east A s i a ,
sou the rn A f r i c a , and par ts o f N o r t h A m e r i c a ,
bu t i s a p p a r e n t l y absent f r o m m a n y o the r i m p o r -
tan t g r o u n d n u t - g r o w i n g regions. N e m a t o d e dis-
eases are n o t cons idered i m p o r t a n t g l o b a l l y , b u t
s ign i f i can t l y damage g r o u n d n u t s i n res t r ic ted
areas and m a y be l i n k e d to p o d a n d r o o t ro ts .
Research a t I C R I S A T Cen te r has been la rge ly
de te rm ined by the occur rence and sever i ty o f
p a r t i c u l a r diseases in I nd i a w i t h p r i o r i t y g iven to
w o r k o n f o l i a r diseases, p o d ro ts , a f l a t o x i n c o n -
t a m i n a t i o n , and v i rus diseases.
Foliar Fungal Diseases
Resistance screening. In the 1984 ra i ny season,
1600 g e r m p l a s m accessions received p r e l i m i n a r y
screening f o r resistance to rust . We selected 49
accessions tha t rated between 2 and 7 on a 9-
p o i n t disease scale f o r advanced screen ing f o r
resistance to rust and leaf spots in the 1985 ra i ny
season.
Yield losses in 1984. F o l i a r disease deve lop -
men t was de layed in the 1984 r a i n y season
because o f very d r y weather i n A u g u s t . S h o r t -
season cu l t i va rs escaped severe a t t a c k , and d a m -
age to suscept ib le long-season cu l t i va rs was
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m u c h l ower t h a n i n n o r m a l years. T h e f o l i a r
diseases-susceptible cu l t i va r I C G S 11 in a f u n g i -
cide eva lua t i on t r i a l a t I C R I S A T Center y ie lded
2756 kg d r y pods h a
- 1
 unde r the mos t ef fect ive
fung ic ide t r ea tmen t , and 2163 kg h a
- 1
 w i t h o u t
fung ic ide , re f lec t ing a y ie ld loss f r o m f o l i a r d is -
eases o f 27%. We n o r m a l l y expect losses in the
reg ion o f 7 0 % .
Resistance breeding. We c o n t i n u e d to advance
progenies w i t h o u t select ion in the 1983/84 pos t -
ra iny season. D u r i n g the 1984 ra i ny season they
were selected under the h igh levels of rust and
late leaf spot disease pressure tha t deve loped
rap id l y once the d r y spel l in A u g u s t was over .
N e w crosses, i n v o l v i n g resistant , s table, t e t ra -
p l o i d , in terspeci f ic hyb r i ds , and breed ing l ines,
were made to c o m b i n e disease resistance w i t h
desirable a g r o n o m i c t ra i t s .
Resistance selections yield trials. B reed ing
lines in d i f fe ren t generat ions w i t h resistance to
rust a n d / o r late leaf spo t , were eva luated unde r
b o t h h i g h - i n p u t (60 kg P 2 O s ha
- 1
, i r r i g a t i o n , and
insect ic ides w h e n requ i red) and l o w - i n p u t (20 kg
P 2 O 5 ha
- 1
, r a i n f ed , w i t h o u t insect ic ides) c o n d i -
t i ons . T h e con t ro l s in these exper imen ts were
released, disease-susceptible cu l t i va rs , and re-
sistant parents . T r ia l s were car r ied o u t in the
1983/84 pos t ra i ny and the 1984 ra iny seasons. In
the pos t ra i ny season f o l i a r diseases are usua l ly
neg l ig ib le because o f the d r y cond i t i ons a n d the
y ie ld po ten t i a l o f cu l t i vars is expressed, wh i l e in
the ra iny season, disease pressure is usua l ly asso-
ciated w i t h h igh y ie ld losses o f up to 7 0 % in
suscept ible cu l t i va rs . In the 1984 ra iny season
however , because o f the d r y A u g u s t , f o l i a r d is -
eases deve loped s low ly and e a r l y - m a t u r i n g c u l -
t ivars such as JL 24 tha t m a t u r e d jus t af ter the
rains resumed, were on l y s l igh t l y af fected and
y ie lded m o r e pods and hau lms t han usual (Tab le
2). Y ie ld da ta are presented in Tables 2-7, a n d
show the po ten t i a l o f some o f the resistant
hyb r i ds under b o t h ra in fed and i r r i ga ted c o n d i -
t ions a t I C R I S A T Center and Bhavan isagar .
Economics of resistance. We star ted o n - f a r m
tr ia ls i n c o l l a b o r a t i o n w i t h I C R I S A T econo-
Table 2 . Per formance of some F 1 0 rust- a n d / o r late leaf spot-resistant groundnut selections, I C R I S A T Center ,
rainy season 1984.
Y ie l ds ( k g ha
- 1
) Disease r e a c t i o n
1
Pedigree Pods H a u l m s Rus t L a t e leaf spot
( N C A c 2731 x P l 259747 )F 1 0 B 
( F l o r i g i a n t x K r a p . S t . N o . l 6 ) F 1 0 B 
( N C Ac 1107 x NC Ac 17090)F 1 0 B 
( N C Ac 1107 x NC Ac 17090)F 1 0 B 
( N C A c 2768 x N C A c 17090)F 1 0 B 
7180
6990
6860
6690
6490
3890
5900
4650
4380
5560
3
2
4
3
4
8
7
7
7
5
C o n t r o l s
N C A c I 7 0 9 0
2
l C G S I P
R o b u t 3 3 - 1
3
J L 2 4
3
6740
5970
5280
4640
4930
4380
3750
4170
2
2
9
9
6
6
9
9
SE ±401 ±517 ±0.6 ±0.4
T r i a l m e a n 5491 3920 4.3 7.3
C V (%) 13 23 24.7 10.0
1. F i e l d d isease s c o r e d on a 1-9 sca le , w h e r e 1 = no d isease, a n d 9 = 5 0 - 1 0 0 % f o l i a g e d e s t r o y e d .
2 . R u s t - a n d l a t e l ea f s p o t - r e s i s t a n t p a r e n t .
3 . F o l i a r d i seases-suscep t ib le c u l t i v a r s .
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Tab le 3 . Per formance o f some F 8 rust- a n d / o r late leaf spot-resistant groundnut selections, I C R I S A T Center ,
rainy season 1984.
Y i e l d ( k g ha
- 1
) Disease r e a c t i o n
1
Ped ig ree P o d s H a u l m s R u s t L a t e l ea f spo t
( G o l d i n 1 x P I 405132) F 8 B 6780 5900 3 5
( G o l d i n 1 x PI 405132) F 8 B 6630 4240 2 4
( M a n f r e d i « PI 4 0 5 1 3 2 ) F 8 B 6280 6040 2 6
( M a k u l u R e d x D H T 2 0 0 ) F 8 B 6170 4650 2 4
(72 R x 2-5) x PI 4 0 7 4 5 4 ) F 8 B 6080 6700 2 4
C o n t r o l s
N C A c 17090
2
6080 5070 3 5
I C G S 1 1
3
6190 2710 8 9
R o b u t 3 3 - 1
3
5530 3330 8 9
J L 2 4
3
4820 3190 8 9
S E ±282 ±280 ±0.3 ±0.3
T r i a l m e a n 5590 4410 4.1 6.0
C V ( % ) 9 11 12.1 9.0
1. F i e l d d isease s c o r e d on a 1-9 sca le , w h e r e 1 = no d isease , a n d 9 = 50 - 1 0 0 % f o l i a g e d e s t r o y e d .
2 . R u s t - a n d l a t e lea f s p o t - r e s i s t a n t p a r e n t . 3 . F o l i a r d i seases -suscep t i b le c u l t i v a r s .
Table 4. Per formance of top ten entries in the groundnut mul t i locat ional fo l iar diseases resistance var ietal t r i a l ,
I C R I S A T Center and Bhavanisagar , ra iny season 1984.
I C R I S A T Cen te r B h a v a n i s a g a r
Disease r e a c t i o n
1
Ped ig ree
Y i e l d
( k g ha
- 1
) R u s t
L a t e l ea f
spo t Ped ig ree
Y i e l d
( k g h a
- 1
)
Ah 65 x NC Ac 17090) F 1 1 B 7330 2 8 M G S 8 x EC 76446(292) 3710
( E C 76446(292) x R o b u t 33-1) F 8 B 7150 3 8 M H 1 x N C A c 17090 3600
( N C A c 400 x E C 76446(292) F 1 2 B 7130 3 9 R o b u t 33-1 x EC 76446(292) 3430
( R o b u t 33-1 x EC 76446(292) F 8 B 7010 3 7 N C A c 1107 x N C A c 17090 3040
( R M P 91 x D H T 200) F 9 B 6890 3 8 T G 1 4 x N C A c 17090 3030
( F l o r i g i a n t x K r a p . S t . N o . 16) F 1 0 B 6850 3 8 N C A c 400 x E C 76446(292) 2970
( G A U G 1 x EC 76446(292) F 1 2 B 6740 2 9 R o b u t 33-1 x D H T 200 2850
( M G S 8 x EC 76446(292) F 1 0 B 6690 2 7 R M P 91 x D H T 200 2690
( N C A c 2564 x N C A c 17090) F 9 B 6650 3 8 A h 6 5 x N C A c 17090 2670
( N C Ac 400 x EC 76446(292) F 1 2 B 6610 2 9 M G S 9 x EC 76446(292) 2630
C o n t r o l s C o n t r o l s
N C A c 17090
2 6580 2 7 N C A c 17090
2
2650
I C G S 1 1
3 5810 9 9 I C G S 1 1
3
1510
R o b u t 3 3 - 1
3
5750 9 9 R o b u t 3 3 - 1
3 1460
J L 2 4
3 4440 9 9 J L 2 4
3
1510
S E ±305 ±0.3 ±0.3 S E ±268
T r i a l m e a n 5970 3.4 8.3 T r i a l m e a n 2230
C V ( % ) 9 17 7 C V (%) 21
1. F i e l d d isease s c o r e d on a 1-9 sca le , w h e r e 1 = no diseases a n d 9 = 5 0 - 1 0 0 % f o l i a g e d e s t r o y e d .
2 . F o l i a r d iseases- res is tan t p a r e n t . 3 . F o l i a r d i seases -suscep t ib le c u l t i v a r s .
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Table 5 . P o d yield ( kg h a
- 1
) o f some rust- a n d / o r late leaf spot-resistant groundnut selections, I C R I S A T Center ,
postrainy season 1 9 8 3 / 8 4 .
Pedigree
P o d y i e l d
( k g h a s
- 1
) Pedigree
P o d y i e l d
( k g h a
- 1
)
F 6 t r i a l F 1 1 t r i a l
( J H 6 0 x P I 259747) x N C A c 17133(RF) 7270 G A U G 1 x EC 76446 (292) 8320
( J H 60 x P I 259747) x NC Ac 17133(RF) 7020 JH 60 x P I 259747 7890
C o n t r o l s
A H 3 2 x N C A c 17090 7860
N C A c 17090
1 6990 C o n t r o l s
R o b u t 3 3 - 1
2 6190 N C A c 17090
1
7750
I C G S 1 1
2 5940 R o b u t 3 3 - 1
2
6630
S E ±366
J L 24
2
6610
T r i a l m e a n 6020
S E ±322
C V (%) 6
T r i a l m e a n 6620
F 1 0 t r i a l
C V (%) 8
C o m e t x N C A c 17090 8060 M L Y T
3
G 37 x EC 76446 (292) 7560 N C A c 2190 x N C A c 17090 8330
C o n t r o l s
N C A c 17090
1
SM 1 x EC 76446 (292) 8170
7540
AH 6279 x P l 259747 7810
R o b u t 3 3 - 1
2 6130 C o n t r o l s
J L 24
2 5100 N C A c 17090
1
7780
SE ±242
R o b u t 3 3 - 1
2
J L 24
2
6260
5040
T r i a l m e a n 6400
S E ±229
C V ( % ) 7
T r i a l m e a n
C V (%)
6260
6
1 . F o l i a r d i seases- res is tan t p a r e n t .
2 . F o l i a r d i seases -suscep t ib le c u l t i v a r s .
3 . M L Y T = M u l t i n a t i o n a l Y i e l d T r i a l .
mists in the 1984 ra i ny season to de te rm ine the
economic m e r i t o f us ing resistant cu l t i va rs c o m -
pared w i t h g r o w i n g suscept ib le cu l t i va rs p r o -
tected by fung ic ides . Severe d r o u g h t caused c r o p
fa i lu re i n f o u r o f the f ive f a rmers ' f ie lds , a n d
levels of rust and leaf spot diseases were l o w e r
t h a n usua l . Y i e l d da ta f r o m the one fa rmer ' s
c rop t h a t gave reasonable y ie lds , a n d f r o m the
c o m p a n i o n t r i a l a t I C R I S A T Center are g iven i n
Tab le 8 . I n f o r m a t i o n on accep tab i l i t y o f p r o
duce in the m a r k e t is be ing co l lec ted. E c o n o m i c
analyses w i l l be made af ter several m o r e seasons'
results are o b t a i n e d .
Soilborne Fungal Diseases
Pod Rots
Resistance screening. P o d r o t inc idence was
l o w in the 1983/84 p o s t r a i n y season b u t l ines
prev ious ly i den t i f i ed as resistant had s i gn i f i -
can t l y less p o d r o t t h a n c o n t r o l cu l t i va rs . We
observed in te rac t ions between d r o u g h t stress
d u r i n g p o d m a t u r a t i o n and p o d ro t sever i ty i n 36
genotypes g r o w n under l ine-source i r r i g a t i o n .
We are inves t iga t ing the c rea t i on o f a r t i f i c i a l
d r o u g h t stress as a means of enhanc ing p o d r o t
a t tack , to p e r m i t m o r e ef fect ive screening o f
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Table 6 . P o d yields ( k g h a
- 1
) of some rust- and late
leaf spot disease- resistant groundnut lines in ra infed
trials, I C R I S A T Center , rainy season 1984.
P o d y ie l d
Pedigree ( k g ha
- 1
)
V i r g i n i a bunch-se lec t i ons f r o m
in te rspec i f i c de r i va t i ves
C S - 6 / 2 - B 1 - B 1 B 1 1960
C S - 4 6 - B 3 - B 3 - B 1 1900
C S - 2 2 / 2 - B 2 - B 1 - B 1 1740
2 0 2 4 - B 3 - B 1 - B 1 1540
T - 3 - B 1 - B 1 - B 1 1500
C o n t r o l s
N C A c 17090
1
1290
I C G S 1 1
2
1170
R o b u t 3 3 - 1
2 1040
J L 24
2
560
Si - ±127
T r i a l m e a n 1110
C V (%) 20
M u l t i l o c a t i o n a l t r i a l ,
I C R I S A T Cen te r
( M a k u l u Red x D H T 2 0 0 ) F 8 B 2170
( C o m e t x N C A c 1 7 0 9 0 ) F 1 1 B 2060
( A h 32 x NC Ac 17()90)F1 1 B 2010
( A r g e n t i n e x PI 2 5 9 7 4 7 ) F 1 1 B 1990
(M 145 x PI 259747 )F 1 2 B 1980
C o n t r o l s
N C A c 17090
1
1290
I C G S 1 1
2
1290
R o b u t 3 3 - 1
2 1100
J L 24
2
540
SE ±120
T r i a l m e a n 1329
C V ( % ) 16
1 . R u s t a n d l a t e lea f s p o t - r e s i s t a n t p a r e n t .
2 . F o l i a r d i seases -suscep t ib le c u l t i v a r s .
G r o u n d n u t pods showing internal (above) and exter-
nal (be low) symptoms of pod rot . Infect ion by the
causal fungi results in shrivelled seeds or empty pods
when seeds are ki l led before they mature .
ge rmp lasm accessions f o r resistance to th is
disease.
The Af la tox in Problem
Resistance screening. E igh t genotypes pre-
v ious ly f o u n d to have seed resistant to i nvas ion
by Aspergillus flavus were f u r t h e r tested us ing
techn iques repo r ted ear l ier ( I C R I S A T A n n u a l
R e p o r t 1979 /80 , p p . 155-156). Resistance was
c o n f i r m e d in seed f r o m the 1983/84 and 1984
seasons' c rops .
Breeding for seed resistance to A. flavus. D u r -
i ng the 1983/84 pos t ra i ny season we y ie ld- tested
57 b reed ing l ines, and a f u r t h e r 126 in the 1984
ra iny season. T h e l ines were der i ved f r o m crosses
i n v o l v i n g such d r y seed-resistant source l ines as
P I 337394 F , J 1 1 , and UF 71513-1 . We also
conduc ted ra iny-season t r ia ls a t A n a n t a p u r ,
Bhavan isagar , D h a r w a d , and H isa r , i n I n d i a . I n
the pos t ra iny-season t r ia ls a t I C R I S A T Cente r
we selected s ix b reed ing l ines ( T a b l e 9) t h a t c o m -
bined h igh levels of resistance to seed c o l o n i z a -
t i o n w i t h g o o d y ie ld levels. One l ine was m u c h
m o r e resistant t h a n the most - res is tan t c o n t r o l
and y ie lded 8% m o r e t h a n the h ighes t -y ie ld ing
c o n t r o l . These l ines were advanced to m u l t i l o c a -
t i o n a l tes t ing f o r y ie ld a n d a d a p t a t i o n i n the
r a i n y season ( T a b l e 10). Of the 88 b reed ing l ines
tested across loca t ions in t w o t r ia l s d u r i n g the
1984 ra i ny season, 19 were selected f o r the i r
super io r p e r f o r m a n c e . T h e best b reed ing l ines in
the t w o t r ia ls showed 19.3 and 2 4 % h igher p o d
y ie ld t h a n the best c o n t r o l . T h e entr ies are n o w
be ing screened f o r dry-seed resistance across
loca t ions .
Groundnut 207
Table 7. Per formance of some promis ing entries in the groundnut fol iar diseases-resistant F6 lines trials
( i r r iga ted) , I C R I S A T Center, ra iny season 1984.
P o d y ie ld
( k g ha
- 1
)
H a u l m y ie ld
( k g h a
- 1
)
Disease r e a c t i o n
1
Pedigree R u s t L a t e lea f spo t
( R o b u t 33-1-21-11-B1-B1-B1-B1 x P I 4 0 7 4 5 4 ) F 6 B 
( R o b u t 33-1 x C o m e t ) F 6 B x NC Ac 1 7 1 3 3 ( R F ) F 6 B 
( F a i z p u r 1-5 x D H T 2 0 0 ) F 6 B 
( A h 8254 x NC Ac 17090) F 7 B x L . N o 9 5 - A ) F 6 B 
C o n t r o l s
N C A c 17090
2
I C G S 1 1
3
R o b u t 3 3 - 1
3
J L 24
3
6820
6470
6330
6070
5140
3290
2830
4240
4790
3540
4790
5210
5890
6150
5760
5040
6
8
9
4
2
8
9
9
8
8
7
6
8
9
9
SE ±401 ±293 ±0.4 ±0.4
T r i a l m e a n 4417 5135 6.2 7.2
C V (%) 16 10 12.1 9.1
1. F i e l d d isease sco red on a 1-9 scale, w h e r e 1 = no d isease, a n d 9 = 50 - 1 0 0 % f o l i a g e d e s t r o y e d .
2 . Rus t a n d la te l ea f s p o t - r e s i s t a n t p a r e n t .
3 . F o l i a r d i seases-suscep t ib le c u l t i v a r s .
Table 8. Yields ( k g h a
- 1
) of a fol iar diseases-resistant, and t w o susceptible groundnut cult ivars, wi th and wi thout
fungicide appl icat ion f r o m field tr ials, I C R I S A T Center and farmer's f ie ld , rainy season 1984.
M e a n y ie lds o f d r i e d p r o d u c e ( k g ha
- 1
)
Pods H a u l m s
D a c o n i l ®
1 D a c o n i l ®
1
G e n o t y p e s N o spray a p p l i e d N o sp ray a p p l i e d
I C R I S A T C e n t e r
F D R S 18
2 1290 1510 3870 4640
J L 24
3 1110 1320 1380 1780
L o c a l
4 1110 1480 1170 2770
SE ±172 ±151
C V ( % ) 18 9
F a r m e r ' s f i e l d
F D R S 18
2
670 670 1770 1810
J L 24
3 900 910 1220 1310
L o c a l
4 670 710 1380 1350
S E ± 113 ±174
C V ( % ) 21 17
1 . D a c o n i l ® ( c h l o r o t h a l o n i l ) a p p l i e d a t 10-day i n t e r v a l s .
2 . R u s t a n d l a t e lea f s p o t - r e s i s t a n t b r e e d i n g l i ne .
3 . R e c o m m e n d e d c u l t i v a r ( suscep t i b l e ) .
4 . F a r m e r ' s o w n seed.
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Table 9. Y ie ld ( kg h a
- 1
) , shelling characteristics, and dr ied seed resistance to Aspergillus flavus in selected
groundnut breeding lines, I C R I S A T Center , postrainy season 1983.
S M K
1
Seed
I C G S ( A F ) P o d y i e l d y i e l d S h e l l i n g 100-kerne l c o l o n i z a -
n u m b e r Ped ig ree ( k g h a
- 1
) ( k g h a
- 1
) (%) mass (g) t i o n (%)
2
T r i a l 2 4
6 (J 11 x P I 3 3 7 3 9 4 F ) 5870 3640 70 51 15.2
9 ( M H 2 x P I 337409) 5850 4310 77 41 16.4
11 (J 11 x P I 3 3 7 3 9 4 F ) 5800 3820 72 44 6.5
22 ( M H 2 x P I 3 3 7 3 9 4 F )
C o n t r o l s
5740 3880 75 49 10.7
J I 11
3 5580 3720 73 50 12.9
J L 24
4
5260 3510 74 40 22.6
R o b u t 3 3 - 1
4 5000 3250 74 55 33.4
U F 7 1 5 1 3 - 1
3 5250 3410 71 43 11.6
S E ±382 ±252 ±2.2 ±1.7 ±2.3
T r i a l m e a n 5250 3430 72 46 16.3
C V (%) 9 9 4 5 17
T r i a l 25
28 ( G o l d i n 1 x F a i z p u r 1-5)
x UF 71513-1) 6600 3570 63 66 17.0
32 ( N C F l a 1 4 x U F 71513-1)
C o n t r o l s
5650 3790 71 38 11.3
J 11
3
5190 3540 73 59 11.1
J L 24
4
4 3 2 0 2720 71 48 23.9
R o b u t 33 -1
4
4490 2850 70 56 33.0
U F 7 1 5 1 3 - 1
3 4830 3250 72 41 13.4
S E ±357 ±258 ±2.3 ±2.8 ±4.0
T r i a l m e a n 5150 3100 68 49 24.3
C V (%) 9 10 4 7 20
1 . S M K = S o u n d m a t u r e k e r n e l s .
2 . P e r c e n t a g e o f r e h y d r a t e d , m a t u r e , s t o r e d seeds c o l o n i z e d by A . flavus i n res i s tance tes ts . M e a n s o f 2 s a m p l e s r e p l i c a t i o n
- 1
.
3 . R e s i s t a n t c o n t r o l s .
4 . S u s c e p t i b l e c o n t r o l s .
We mod i f i ed the usual mass-pedigree breeding
system to i nc lude a stage of p r o g e n y - r o w tes t ing
and se lect ion i n the F 3 , based on p l a n t - t o - r o w
progenies ob ta ined f r o m selected F 2 p lan ts . We
grew 2986 such F 3 s ing le -p lan t progenies in the
1984 r a i n y season and mad e 780 F 4 b u l k s , based
o n p rogeny ra the r t h a n p l an t p e r f o r m a n c e .
These w i l l be hand led as p rogeny bu l ks f r o m the
F 4 stage o n w a r d s and mass select ions w i l l be
mad e w i t h i n each b u l k . We also g rew 479 b u l k
progenies f r o m the F 4 t o F 1 0 genera t ions , and
selected 351 bu lks f o r advance a n d y ie ld tes t ing
nex t season. In the 1984 ra i ny season s ix F2s w i t h
d r y seed-resistant pa ren ta l l ines in the i r p e d i -
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Tab le 10 . P o d yield ( k g h a
- 1
) of some selected groundnut breeding lines at f ive I n d i a n locations, rainy season 1984.
P o d y i e l d ( k g ha
- 1
)
I C G S ( A F )
n u m b e r Pedigree
I C R I S A T C e n t e r
B h a v a n i -
sagarH I
1
L P D h a r w a d H i s a r M e a n
T r i a l 37
28 [ ( G o l d i n 1 x F a i z p u r 1-5) x UF 71513-1] 3860 790 3190 1720 5210 2953
2 ( M G S 7 x PI 337409) 2770 860 3630 2740 3610 2724
3 ( M G S 7 x PI 337409) 3060 1010 3790 2350 3390 2718
7 ( A h 32 x PI 337409) 2990 760 4030 2100 3510 2679
5 (J 11 x PI 337394F) 2960 490 3500 3040 3200 2636
10 ( H G 1 x Pl 337394F) 3140 860 3440 2250 3250 2588
22 ( S M 1 x Pl 337394F) 2590 760 3430 2130 3740 2531
12 ( U F 71513-1 x PI 337394F) 2370 870 3600 2540 3270 2530
16 ( M H 2 x Pl 337394F)
C o n t r o l s
2450 630 3560 2330 3610 2517
J 11 (Sou rce l ine) 2300 860 3770 2000 3150 2416
J L 2 4 ( N a t i o n a l ) 2520 420 3390 2040 3040 2281
R o b u t 33-1 ( Z o n a l ) 2800 980 2750 1580 2970 2215
U F 7 1 5 1 3 - l ( R e s i s t a n t l ine) 2260 860 3780 2310 3170 2476
SE ±294 ±133 ±432 ±345 ±447
T r i a l m e a n 2560 710 3310 2050 3270
C V (%) 14 23 16 21 17
T r i a l 38
70 [ ( R o b u t 33-1 x 2821) x UF 71513-1] 3760 770 4960 2550 4040 3214
69 [ ( R o b u t 33-1 x 2821) x UF 71513-1] 3430 670 4650 2740 4440 3186
43 ( F 3 3 4 A - B - 1 4 ) x UF 71513-1) 4040 1070 4350 1710 3490 2931
37 ( M H 2 x PI 337409) 3520 1070 4000 2350 3340 2855
78 ( F a i z p u r 1-5 x UF 71513-1) 3670 540 4670 2140 3100 2826
82 ( R o b u t 33-1 x E x o t i c ) 3410 720 4680 2080 3180 2815
58 ( S h u l a m i t x C h i c o ) 2660 940 4320 2420 3510 2771
61 [ ( R o b u t 33-1 x 2821) x PI 337409) ] 3640 560 4330 1910 3170 2722
71 [ ( R o b u t 33-1 x 2821) x UF 71513-1 ] 4040 720 3330 2480 2970 2708
62 [ ( R o b u t 33-1 x 2821) x Pl 337409]
C o n t r o l s
2960 630 4430 2100 3030 2630
J 11 (Res is tan t l ine) 3010 710 4470 1990 2760 2590
J L 2 4 ( N a t i o n a l ) 3130 670 4490 2150 1720 2432
R o b u t 33-1 ( Z o n a l ) 3400 930 3860 1370 2430 2397
U F 71513-1 (Res is tan t l ine) 2590 530 4490 1670 3260 2506
S E ±1356 ±162 ±365 ±327 ±684
T r i a l m e a n 2970 710 3940 1800 2710
C V (%) 15 28 11 22 31
1 . H I = H i g h i n p u t ( 6 0 k g P 2 O 5 h a
- 1
, w i t h i r r i g a t i o n a n d i n s e c t i c i d e s p r a y s ) .
2 , L I = L o w i n p u t (20 k g P 2 O 5 h a
- 1
, r a i n f e d w i t h o u t i n s e c t i c i d e sp rays ) .
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grees were g r o w n under b o t h h i g h - a n d l o w -
i n p u t c o n d i t i o n s , a n d we made 292 s ing le -p lan t
select ions to be advanced by the m o d i f i e d b u l k
system.
Resistance to af latoxin product ion. We re-
p o r t e d ear l ier va r ie ta l d i f ferences in rate a n d
t o t a l a c c u m u l a t i o n o f a f l a t o x i n i n seeds c o l o n -
ized by t ox igen i c stra ins of A. flavus ( I C R I S A T
A n n u a l R e p o r t 1 9 8 0 / 8 1 , p p . 171 a n d 173).
F u r t h e r tests on seed o f 400 genotypes g r o w n in
the 1981 r a i n y season showed t ha t genotypes
suppo r ted a f l a t o x i n p r o d u c t i o n t o levels r a n g i n g
f r o m 32 to 125 μg g
- 1
 seed. A d d i t i o n a l screen ing
of 102 genotypes us ing seed f r o m the 1982/83
season iden t i f i ed t w o l o w a f l a t o x i n - p r o d u c i n g
genotypes, U4-7-5 a n d V R R 245, tha t had levels
of less t h a n 10 μg g
- 1
 seed. These a n d o the r
genotypes were g r o w n i n f u r t h e r t r ia ls and the
p o o r a b i l i t y o f the i r seeds to s u p p o r t a f l a t o x i n
p r o d u c t i o n was c o n f i r m e d ( T a b l e 11).
In a n o t h e r test we c o m p a r e d seed f r o m 30
genotypes w i t h o i l con ten ts v a r y i n g f r o m 33 t o
4 8 % . We f o u n d no c o r r e l a t i o n between seed-oi l
Tab le 1 1 . A f l a t o x i n product ion μg g
- 1
) in seed of
selected groundnut genotypes inoculated w i t h a t o x i -
genic strain o f Aspergi l lus f l a v u s , I C R I S A T Center ,
1983 and 1984.
A f l a t o x i n B1 (μg g
-1
 seed)
P o s t r a i n y
season t r i a l s
1 R a i n y season
t r i a l s
1
1983G e n o t y p e s 1982 /83 1 9 8 3 / 8 4
A h 813 97.9 62.4 24.8
A h 1069 66.2 44.8 16.3
26-5-1 55.7 35.6 30.8
56-106 36.1 26.0 7.5
U 4 - 7 - 5 5.9 5.8 5.2
V R R 245 6.1 5.8 4.4
J 11 148.4 100.1 89.0
T M V 2 185.9 137.9 117.8
S E ±1.9
C V (%) 9.8
1 . A l l t es ted i n 1984.
Tab le 12. Effect of seed matur i ty at harvest on
groundnut seed infection by Aspergillus flavus, and
af la tox in contamina t ion , l C R l S A T Center , ra iny sea-
son 1984.
Seed i n f e c t i o n by A. flavus a n d
a f l a t o x i n c o n t a m i n a t i o n
Pods s a m p l e d a t
G e n o t y p e
30 days
be fo re
m a t u r i t y
10 days
be fo re
m a t u r i t y
A t
o p t i m u m
m a t u r i t y
10 days
a f te r
m a t u r i t y
J 11 1.0
1
( 1 )
2
2.01
(2)
2
3.3
(6)
5.3
(11)
T M V 2 4.3
(4 )
7.3
(17)
16.0
(34)
22.0
(63)
E C 76446(292) 4 .3
(6)
7.3
(25)
23 .0
(52)
28.0
(453)
M 13 6.3
(2)
8.3
(12)
18.7
(24)
26.3
(150)
SE +0.79
C V ( % ) 45
1. Seeds i n f e c t e d by A. flavus (%) .
2 . A f l a t o x i n B 1 c o n t e n t ( μ g k g
- 1
) .
con ten t and a b i l i t y t o s u p p o r t a f l a t o x i n p r o -
d u c t i o n .
Field infection and af latoxin contaminat ion.
N a t u r a l l y - o c c u r r i n g seed i n fec t i on by A. flavus, 
and a f l a t o x i n c o n t a m i n a t i o n were reco rded f o r
several genotypes in the 1984 ra i ny season at
I C R I S A T Center . Seed i n f ec t i on and a f l a t o x i n
c o n t a m i n a t i o n were h igher (Tab le 12) t h a n
recorded f o r the same genotypes g r o w n a t I C R I -
S A T Cen te r i n 1983 ( I C R I S A T A n n u a l R e p o r t
1983, p. 196). Severe d r o u g h t c o n d i t i o n s in 1984
m a y have f avo red the h igher i n f e c t i o n a n d
t o x i c i t y .
Field trials for natural A. flavus infection. In
the 1984 r a i n y season we g rew 13 genotypes in
rep l i ca ted f ie ld t r ia ls a t I C R I S A T Cen te r a n d o n
l i gh t , sandy soi ls a t T i r u p a t i a n d Bapa t l a i n
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Table 13. N a t u r a l seed infection (%) of 13 groundnut genotypes wi th A spergillus flavus (AF) and other fungi ( O F )
at three I n d i a n locat ions, rainy season 1984.
Seeds in fec ted (%)
I C R I S A T C e n t e r Bapa t l a T i r u p a t i
G e n o t y p e s A F O F A F O F A F O F
U F 71513 1 .5 (0 .11 )
1
6.0 (0 .25) 0.9 (0 .09) 5.2 (0 .23) 1 .4 (0 .11 ) 2 . 5 ( 0 . 1 6 )
P I 3 3 7 3 9 4 F 1.5 (0 .11) 10.0 (0.32) 1 .6 (0 .13 ) 12.0 (0 .35) 2.1 (0 .14) 3.8 (0 .19)
J 11 1.0 (0 .07) 4.0 (0 .20) 0.6 (0.08) 4.7 (0.22) 1 .0 (0 .09 ) 1 .4 (0 .12 )
A h 7223 1 .0 (0 .07) 4 . 0 ( 0 . 1 9 ) 0.9 (0 .09) 3.1 (0 .18) 0.9 (0 .09) 1 .5 (0 .12 )
U 4 - 4 7 - 7 0.5 (0 .04) 3.5 (0.18) 1 .6 (0 .13 ) 3 . 2 ( 0 . 1 8 ) 1.1 (0.11) 1 .2 (0 .11 )
V a r . 27 4 . 0 ( 0 . 1 9 ) 8.5 (0.29) 3.1 (0.17) 9 . 4 ( 0 . 3 1 ) 2.5 (0 .16) 3 . 2 ( 0 . 1 8 )
A F Y T 2 4 / 8 2 . 0 ( 0 . 1 2 ) 7.0 (0 .27) 2 . 5 ( 0 . 1 6 ) 6.4 (0 .25) 3 . 0 ( 0 . 1 7 ) 3 . 0 ( 0 . 1 7 )
A F Y T 2 4 / 1 9 2.5 (0 .14) 5.0 (0.22) 2.3 (0.15) 6.5 (0 .26) 2 . 9 ( 0 . 1 7 ) 3 . 6 ( 0 . 1 9 )
T M V 2 3.5 (0 .18) 11.0 (0.33) 3 . 4 ( 0 . 1 8 ) 6.7 (0.26) 4.6 (0.21) 5.9 (0 .24)
N C A c 17090 5.5 (0 .23) 10.0 (0.32) 4.0 (0 .20) 9 . 6 ( 0 . 3 1 ) 20.8 (0 .45) 5.4 (0 .23)
F 1 - 5 x N C A c 17090 3 . 5 ( 0 . 1 8 ) 6.0 (0 .25) 4 . 3 ( 0 . 2 1 ) 18.1 (0.44) 6.6 (0.25) 4 . 2 ( 0 . 2 1 )
G a n g a p u r i 6.0 (0.25) 11 .5 (0 .35 ) 4.8 (0.22) 15 .7 (0 .41 ) 14.8 (0.38) 7.1 (0.27)
E C 76446(292) 10.5 (0 .33) 19.0 (0.45) 6.6 (0.26) 43.1 (0 .72) 10.5 (0 .34) 1 8 . 2 ( 0 . 4 4 )
SE ±(0.031) ±(0.019) ±(0.013) ±(0.016) ±(0.036) ±(0.015)
C V ( % ) (40.2) (13.4) (16.3) (10.2) (35.3) (14.7)
1 . V a l u e s i n pa ren theses a re a r c s ine t r a n s f o r m a t i o n s .
A n d h r a Pradesh Sta te , I nd i a . W e recorded n a t u -
ra l i n fec t i on of u n d a m a g e d , m a t u r e seeds by A.
flavus and o the r f u n g i , and f o u n d s ign i f i can t
var ie ta l d i f ferences (Tab le 13).
Addi t ion of A. flavus inoculum to soil around
pods. We repo r ted ear l ier ( I C R I S A T A n n u a l
R e p o r t 1982, pp . 181-182 and 186) t ha t the a d d i -
t i o n of A. flavus i n o c u l u m to so i l a r o u n d devel -
o p i n g pods increased p o d and seed i nvas ion by
the fungus . F u r t h e r t r ia ls f r o m 1982 to 1984 have
c o n f i r m e d the usefulness o f th is prac t ice to
enhance pre-harvest seed invas ion by A. flavus, 
thus assist ing in resistance screening.
Virus Diseases
Bud Necrosis Disease ( B N D )
D u r i n g the 1983/84 r a i ny season we screened
g e r m p l a s m accessions, b reed ing l ines, and
Groundnut leaf showing typical early symptoms of
bud necrosis virus infect ion, I C R I S A T Center , rainy
season 1984.
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in terspec i f i c h y b r i d s f o r f ie ld resistance t o B N D .
Severa l h i g h - y i e l d i n g l ines w i t h des i rab le p o d
a n d seed character is t ics showed s ign i f i can t l y
lower disease inc idence t h a n the c o n t r o l cu l t i va r ,
T M V 2 . These l ines w i l l b e eva lua ted i n m u l t i l o -
ca t i ona l tes t ing i n I n d i a . F o u r t e e n h i g h - y i e l d i n g ,
b reed ing and g e r m p l a s m accessions w i t h l o w
B N D inc idence were selected. P Y T 2-20 B 3 was
o u t s t a n d i n g i n te rms o f b o t h p o d y ie ld a n d l o w
B N D inc idence.
G e r m p l a s m accessions w i t h l o w B N D inc i -
dence, in cond i t i ons where the th r ips dens i ty was
no t l ower t h a n the con t ro l s , were detected i n t w o
advanced screening t r ia ls . M o r e - a d v a n c e d l ines
s h o w i n g resistance to the B N D vec to r were also
detected.
Peanut Clump (PCV)
Causal agent. F i ve geograph ica l l y -separa ted
isolates o f peanu t c l u m p v i rus ( P C V ) ( I C R I S A T
A n n u a l R e p o r t 1982, p.197) were s h o w n to pos-
sess s im i l a r pa r t i c le m o r p h o l o g y a n d dens i ty ,
and s im i l a r mo lecu la r we igh t o f the coat p r o t e i n .
C o l l a b o r a t i n g w i t h the Sco t t i sh C r o p Research
Ins t i t u te ( S C R I ) , I n v e r g o w r i e , U K , w e s tud ied
in de ta i l the chemica l p roper t ies and sero log ica l
re la t ionsh ips o f P C V isolates. P C V was s h o w n
t o c o n t a i n t w o R N A species, b o t h requ i red f o r
i n fec t i v i t y . Th ree P C V isolates fa i led to react
w i t h t w o West A f r i c a n P C V isolates, o r w i t h
several Polymyxa-transmitted v i ruses. W h e n the
t w o R N A species were t rans la ted in a r e t i cu l o -
cyte lysate sys tem, the large R N A species was
t rans la ted i n t o three po lypep t ides a n d the coa t
p r o t e i n gene was loca ted i n the smal le r R N A
species.
Transmission. T h e fungus Polymyxa graminis 
has been f o u n d i n a l l P C V - i n f e s t e d soi ls ( I C R I -
S A T A n n u a l R e p o r t 1982, p . 197). A i r d r i e d soi ls
stored at r o o m tempera tu re f o r over 2 years,
re ta ined i n fec t i v i t y . A l l P C V - i n f e c t e d g r a m i -
naceous p lan ts con ta ined P. graminis cys toso r i .
W e s tud ied the effect o f t empe ra tu re o n P C V
in fec t i on o f whea t and s o r g h u m by expos ing
infested soi ls to va r i ous tempera tu res in i n c u b a -
to rs . N o n e o f the g ram inaceous hosts were
in fec ted at 15-20° C; exposure to 25° C and above
was requ i red f o r i n fec t i on . T h i s resul t c o n f i r m s
o u r f ie ld observa t ions tha t the disease occurs in
crops raised in the w a r m s u m m e r and r a i n y sea-
sons, c rops raised in the co lder p o s t r a i n y season
escape the disease.
Resistance screening. In the 1984 r a i n y season
we g rew 20 w i l d Arachis species, 50 in terspec i f i c
h y b r i d s , 35 b reed ing l ines, a n d 802 g e r m p l a s m
accessions, in a PCV- i n fes ted f ie ld at Bapa t l a .
Arachis species 30036 d i d n o t become in fec ted ,
and n ine g e r m p l a s m accessions showed l o w per-
centages of in fected p lan ts . These entr ies w i l l be
retested in 1985.
Peanut M o t t l e ( P M V )
Resistance screening. E m p l o y i n g a f i e l d
m e c h a n i c a l - i n o c u l a t i o n m e t h o d , we screened
246 g e r m p l a s m accessions and b reed ing l ines in
the 1983/84 pos t r a i ny and 1984 r a i n y seasons f o r
resistance t o P M V . Three b reed ing l ines w h i c h
showed less t h a n 5% y ie ld loss ( I C R I S A T
A n n u a l R e p o r t 1983, p. 199) were tested in a 
rep l ica ted t r i a l a n d one o f t h e m showed a mean
y ie ld loss o f less t h a n 10%, wh i l e over 5 0 % o f the
p lan ts showed no s ign i f i can t y ie ld loss. Seed
f r o m these p lan ts w i l l be s o w n in advanced
screening t r ia ls in 1985.
F u r t h e r tes t ing of over 13 000 seeds each of
genotypes E C 76446(292) , N C A c 17133 ( R F ) ,
and Ah 7171 c o n f i r m e d tha t they d i d n o t seed-
t r a n s m i t P M V ( I C R I S A T A n n u a l R e p o r t 1982,
p . 189). S ince N C A c 17133 ( R F ) and E C
76446(292) are resistant to g r o u n d n u t rust and
late leaf spo t , they were ear l ie r crossed w i t h sev-
era l h i g h - y i e l d i n g cu i t i va rs , and these crosses
were tested f o r P M V seed t r ansm iss ion . A l -
t h o u g h P M V was seed- t ransmi t ted i n mos t o f
these b reed ing l ines, in one select ion f r o m a cross
i n v o l v i n g F S B 7-2 and E C 76446(292) , P M V was
n o t seed- t ransmi t ted t h r o u g h the 3000 seeds so
fa r tested.
Groundnut Rosette ( G R V )
C o l l a b o r a t i n g w i t h S C R I a n d w i t h the U S A I D
Peanu t C o l l a b o r a t i v e Research S u p p o r t P r o -
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Figure 1 1 . Particles of groundnut rosette assistor
virus, t rapped by ant iserum to bean leaf-rol l virus in
immunosorbent electron microscopy, f r o m crude
extracts of an aphid- inoculated groundnut p lant ; the
bar (1 cm) represents 56 n m . (Courtesy G. D u n c a n ,
Scottish C r o p Research Inst i tute. )
g r a m ( C R S P ) , the causal v iruses o f g r o u n d n u t
rosette disease were invest igated a t S C R I . E v i -
dence was ob ta i ned to show tha t rosette was
caused by t w o viruses. O ne o f t h e m , G R V i s
mechan ica l l y - t ransmiss ib le a n d produces t y p i -
ca l s y m p t o m s i n g r o u n d n u t . F o r G R V t o b e
t ransm i t t ed by aph ids , co - i n fec t i on w i t h a l u t eo -
v i rus ( F i g . 11), sero log ica l l y - re la ted to bean leaf-
r o l l v i rus is necessary. L o c a l les ion hosts f o r
de tec t i on , and systemic hosts f o r ma in tenance o f
G R V have been i den t i f i ed . G R V was p a r t i a l l y
p u r i f i e d , and iden t i f i ed as s ing le-s t randed R N A
w i t h a m o l e c u l a r we igh t o f 1.5-1.6 m i l l i o n
da l tons .
Peanut Stripe (PStV)
C o l l a b o r a t i n g w i t h the U S A I D Peanu t C R S P ,
we charac te r i zed peanu t st r ipe v i rus ( P S t V ) , t h a t
was i n t r o d u c e d i n t o the U S A in g r o u n d n u t seed
ma te r i a l . P S t V was iden t i f i ed as a p o t y v i r u s . An
a n t i s e r u m was p roduced and me thods were
developed to detect P S t V in p l an t and seed
ma te r i a l .
Insect Pests
Incidence at I C R I S A T Center
T h e g r o u n d n u t leaf m i n e r (Aproaerema modi-
cello) was the mos t n o t e w o r t h y insect pest in
1984. I ts dens i ty was n o t r emarkab le in the post -
ra i ny season b u t wet-season crops tha t re ly on
res idua l so i l wa te r were bad ly damaged by th is
pest, p resumab l y because o f the lack o f r a i n f a l l
i n J u l y and A u g u s t . Pro tec ted p lo ts y ie lded s ig-
n i f i can t l y m o r e t h a n unp ro tec ted p lo ts .
Jassid (Empoasca kerri) numbers d i d n o t
reach h i g h levels d u r i n g the year, bu t they were
suf f ic ient to cause obv ious damage in suscept ib le
l ines. T h e i r numbe rs m a r k e d l y increased once
r a i n fe l l in September . Frankliniella schultzei 
a n d Scirtothrips dorsalis, t he t w o m o s t
c o m m o n l y encoun te red th r ips species, were usu -
a l l y present in b o t h seasons, bu t never a t c r i p -
p l i n g levels. H o w e v e r , there was an 8 0 %
incidence o f b u d necrosis disease ( B N D ) . B N D i s
caused by t o m a t o spot ted w i l t v i rus ( T S W V )
that is t r ansm i t t ed by F. schultzei in the ra i ny
season.
W h i t e g rubs ( L a c h n o s t e r n a f i s sa ) and the
tobacco ca te rp i l l a r (Spodoptera litura) were n o t
a p r o b l e m in 1984. H o w e v e r , a p o d - b o r i n g
insect, p r o b a b l y a species of ea rw ig , caused c o n -
s iderable damage to g r o u n d n u t p lan ts g r o w i n g
in a Ve r t i so l f i e ld .
Prel iminary Screening for Host -P lant
Resistance
Aphids (Aphis craccivora). We screened 675
genotypes f o r resistance to A. craccivora a n d
f o u n d f o u r tha t i nh ib i t ed a p h i d g r o w t h rates.
T h i s is the f i rs t t ime we have f o u n d any signs o f
resistance to th is species.
Jassids (Empoasca kerri). T h e screening of a 
f u r t h e r 1470 g e r m p l a s m accessions f o r jass id re-
sistance d u r i n g the 1984 ra iny season means t h a t
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we have assessed we l l over ha l f the avai lab le
mate r ia l . Of the 1470 accessions, 15 were
retained f o r f u r t he r screening. In the same c o n -
tex t we l ooked at 244 lines w i t h resistance to
fo l i a r diseases, 202 Arachis chacoense de r i va -
t ives, and 58 advanced breed ing l ines. There was
success in a l l categories, in that we detected l ines
w i t h s ign i f i can t ly lower levels o f damage s y m p -
toms t han susceptible and resistant con t ro ls
(Tab le 14).
Thrips (Frankliniel la schultzei and Scirtothrips 
dorsalis). Damage levels were no t h igh , so tha t
the results of p re l im ina r y and secondary screen-
ing were no t suf f ic ient ly clear to give de f in i t i ve
results. Howeve r , several ge rmp lasm accessions
and the selections R o b u t 33-1 x NC Ac 2214-19
and T M V 4 x ( R o b u t 33-1 x N C A c 2214-14)
were h igh ly p r o m i s i n g against b o t h species.
Groundnut leaf miner (Aproaerema modicella). 
One o f the b reak th roughs o f the 1984 pos t ra i ny
season was the d iscovery of 33 l ines, t ha t had
cons iderab ly less leaf m ine r damage t han the
other 1452 lines tested. Several of these (V 20 ,
N C A c 12, S1, and 75-72 M 13) also had g o o d
ag ronomic character ist ics.
Rust-red flour beetle (Tribolium castaneum). 
Ah 8418 was selected f r o m 526 o ther l ines f o r re-
sistance to the rust-red f lour beetle. The number of
larvae p roduced , and percentage seed damaged
were s ign i f i cant ly lower when compa red to the
susceptible l ine, A P A U 4 .
Breeding for Pest Resistance
Generation advance and selection. E leven
hund red bu l k selections f r o m d i f fe rent genera-
t ions ( F 2 to F 9 ) were g r o w n in the pos t ra iny
Table 14. Groundnut genotypes with low incidence of
jassid (Empoasca kerri) symptoms, I C R I S A T Center,
rainy season 1984.
G e n o t y p e Y e l l o w e d fo l iage (%)
A h 7729 2.0 (8.1)1
N C A c 6 2.7 (9.4)
M 896-76 (1) 3.0 (9.9)
N C A c 1787 3.3 (10.3)
N C A c 1006 3.7 (10.4)
N C A c 1807 4.3 (11.9)
M 57-72 5 . 0 ( 1 2 . 8 )
R C 44 5 . 0 ( 1 2 . 8 )
M 399-72 5.0 (12.8)
N C A c 1694 5 . 7 ( 1 3 . 7 )
M 79-76(1) 5.7 (13.2)
N C A c 1804 5 . 7 ( 1 3 . 2 )
N C A c 2139 5 . 7 ( 1 3 . 7 )
E C 99219 5.7 (13.7)
M 137-74 6.3 (14.0)
P I 23442 6.3 (14.0)
M 6-76 6 . 7 ( 1 4 . 8 )
Suscept ib le c o n t r o l
T M V 2 25.3 (30.2)
SF ± (2.11)
T r i a l mean (n = 87) 8.5 (16.54)
C V (%) (22.1)
1. Values in parentheses are arc sine transformations.
Fol ia r damage in groundnut caused by leaf miner
(Aproarema modicella). In the 1984 rainy season and
the 1983 /84 postrainy season this pest destroyed up to
4 0 % of the groundnut leaf area in fields that were not
treated wi th insecticide. There was a considerable
yield reduction as a result of this damage. I C R I S A T
Center, rainy season 1984.
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season f o r genera t ion advance, screening against
th r ips , and f o r select ion fo r var ious desirable
ag ron om ic t ra i ts i nc lud ing y ie ld per se. Based on
p lan t t ype , resistance, and o ther t ra i ts , we made
1500 b u l k selections fo r f u r t he r eva lua t ion . Sev-
eral new crosses were a t tempted , i n v o l v i n g new
sources of resistance to thr ips and jassids, and
cu l t i vars w i t h l o w B N D incidence. Some o f the
h igh -y ie ld ing , pest-resistant breeding lines have
also been crossed w i t h fo l i a r disease-resistant,
in terspeci f ic der ivat ives to comb ine resistance to
pest and diseases, and to b roaden the genet ic
base fo r ag ronom ic t ra i ts .
D u r i n g the 1983/84 pos t ra iny season unde r
na tu ra l in festat ions, 200 advanced-genera t ion
breeding lines w i t h va r y i ng levels o f t h r i ps and
jassid resistance were evaluated f o r the i r y ie ld
po ten t ia l and thr ips resistance a l o n g w i t h s tan-
dard c o n t r o l cu l t ivars . P o d yields and percen-
tage F. schultzei leaf damage are s h o w n in Tab le
15 fo r some resistant selections that s ign i f i can t l y
outy ie lded the c o n t r o l cu l t ivars . Several b reed-
Table 15. P o d yield (kg ha
- 1
) of groundnut selections resistant to thrips (Frankliniella schultzei) under natura l
infestat ion, I C R I S A T Center, postrainy season 1983 /84 .
Leaf le ts Pod
damaged y ie ld S h e l l i n g
I d e n t i t y Pedigree (%) ( k g ha-
1
) (%)
T r i a l 1 ( P R T 7 x 7 L )
I C G P R S 13 ( R o b u t 33-1 x NC Ac 2214) F 9 B 1 12 6670 73
I C G P R S 10 ( R o b u t 33-1 x N C A c 2214) F 9 B 2 20 6000 69
I C G P R S 2 ( R o b u t 33-1 x NC Ac 2214) F 9 B 1 22 5960 72
I C G P R S 8 ( R o b u t 33-1 x NC Ac 2214) F 9 B 3 15 5810 70
I C G P R S 17 (M 13 x NC Ac 2214) F 9 B 2 14 5670 74
I C G P R S 4 ( R o b u t 33-1 x NC Ac 2214) F 9 B 1 13 5620 66
C o n t r o l s
R o b u t 33-1 26 3220 73
J 11 24 4710 70
J L 24 34 3720 74
N C A c 343 14 5840 61
S E ±3 ±299
T r i a l m e a n (n = 49) 24 4930
C V (%)
T r i a l 2 ( P R T 8 x 8 L )
20 11
I C G P R S 3 6 [ ( N C A c 2232 x N C A c 2214) x T G 17] F 6 B 1 17 6310 71
I C G P R S 3 0 [ ( R o b u t 33-1 x N C A c 2821) x N C A c 2232] F 6 B 3 21 6170 70
I C G P R S 7 7 [ ( G o l d i n 1 x F a i z p u r 1-5) x NC Ac 2232] F1B1 11 6040 71
I C G P R S 6 8 (28-206 (F rance ) x N C A c 2214) F 6 B 1 13 5550 67
C o n t r o l s
R o b u t 33-1 27 4470 72
J 11 26 4240 73
J L 24 39 3340 72
N C A c 343 14 5270 62
S E ±2.2 ±259
T r i a l mean (n = 64) 27 4510
C V (%) 14.3 10
Continued
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Table 15. Continued 
Leaf le ts P o d
d a m a g e d y ie l d S h e l l i n g
I d e n t i t y Pedigree (%) ( k g tor') (%)
T r i a l 3 ( P R T 9 x 9 L)
I C G P R S 3 5 ( T G 1 x N C A c 343) F 7 B 1 15 6700 71
I C G P R S 6 3 (F33 4 A - B - 1 4 x N C A c 2214) F 7 B 2 13 6470 70
I C G P R S 3 7 ( M a n i P i n t a r x N C A c 2232) F 7 B 1 13 6360 73
I C G P R S 2 1 ( M a n f r e d i 68 x NC Ac 2232) F 7 B 3 21 6300 74
I C G P R S 19 ( G 201 x N C A c 2232) F 7 B 1 18 6270 71
I C G P R S 2 4 ( M a k u l u R e d x N C A c 343) F 7 B 2 23 6260 74
I C G P R S 2 2 (28-206 x NC Ac 10247) F 7 B 2 15 6010 71
I C G P R S 2 8 [ X 5 2 - X - X - 3 - B x ( R o b u t 33-1 x NC Ac 2214) ] F 7 B 1 15 6010 71
I C G P R S 3 6 ( M a n i P i n t a r x N C A c 2232) F 7 B 1 9 5840 73
I C G P R S 3 4 ( T G 1 x N C A c 343) F 7 B 1 15 5820 70
I C G P R S 57 [ ( X 5 2 - X - X - 3 - B x M 13) x NC Ac 2214] F 7 B 2 11 5690 70
C o n t r o l s
R o b u t 33-1 15 5200 73
J 11 20 3750 72
J L 24 29 3390 71
N C A c 343 11 4940 69
S E ±1.6 ±321
T r i a l mean (n = 81) 22 4750
C V (%) 12 12
i ng l ines, t h o u g h l ow-y ie ld ing , showed very h igh
levels of resistance to th r ips and jassids. These
selections are being f u r t he r crossed w i t h h i g h -
y ie ld ing resistant or moderate ly- res is tant l ines to
imp rove the i r a g r o n o m i c character .
Generation advance, selection, and yield trials.
Three hundred selections in var ious generat ions
were sown f o r genera t ion advance and select ion
fo r pest resistance and var ious desirable ag ro -
n o m i c t ra i ts in the ra iny season. Several useful
selections made in ear ly generat ions possess res-
istances to b o t h th r ips and jassids, they also have
excel lent pod and kerne l t ra i ts . In F 2 p o p u l a -
t ions der ived f r o m crosses of pest-resistant
breed ing l ines w i t h interspeci f ic der ivat ives we
detected a n u m b e r of selections w i t h large pods
and mu l t i p l e resistance to several pests, and to
rust , and late leaf spot diseases.
S ix hund red and seventy-eight advanced-
generat ion selections w i t h v a r y i n g levels o f
th r ips and jassids resistance were y ie ld- tested
under na tu ra l pest in festat ions under h i g h - and
l o w - i n p u t cond i t i ons in pest ic ide-free areas.
( H i g h - i n p u t cond i t i ons = i r r i ga ted , 60 kg P 2 O 5
ha
- 1
, and herbic ides app l i ed . L o w - i n p u t c o n d i -
t ions = non i r r i ga ted , 20 kg P 2 O 5 h a
- 1
 app l i ed ,
w i t h o u t herbic ides. No insecticides were used in
this exper iment . )
Y ie lds o f the f i f teen h ighes t -y ie ld ing , Vi rg in ia
bunch- type selections are g iven in Tab le 16.
I C G P R S 35, 39, 59, 92 , 94, and 97 were the
h igh -y ie ld ing selections under b o t h h i g h - and
l o w - i n p u t cond i t i ons . I C G P R S 90, 8 , 94, 97,
104, 33, 39, 40 , 106, 107, 59, and 108 had
excel lent pod and kerne l character is t ics.
A m o n g the s ixteen F 8 h i gh -y i e l d i ng , span ish-
bunch selections, 13 out -y ie lded the suscept ible
con t ro l s , I C G S 26 and JL 24. T h e resistant c o n -
t r o l , NC Ac 343, y ie lded we l l , bu t i t i s a l o n g -
d u r a t i o n Vi rg in ia cu l t i va r , whereas the breed ing
lines matu re in 120 days. A m o n g these, ( M a n -
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Table 16. P o d yield (kg ha
- 1
) of some high-yielding thrips- and jassid-resistant Virginia bunch groundnut selections
under natura l pest infestation and high- and low-input conditions, I C R I S A T Center , rainy season 1984.
I d e n t i t y Pedigree P o d y ie ld ( k g ha
- 1
)
H i g h - i n p u t c o n d i t i o n s
1
I C G P R S 9 1 ( R o b u t 33-1 x N C A c 2214) 3550
1 C G P R S 35 ( T G 1 x N C A c 343) 3480
I C G P R S 4 3 ( T M V 10 x NC Ac 2232) 3430
I C G P R S 4 0 [ M a n i P i n t a r x ( R o b u t 33-1 x N C A c 2214) ] 3420
I C G P R S 108 (28-206 (F rance ) x N C A c 10247) 3310
I C G P R S 3 9 [ ( M a n i P i n t a r x R o b u t 33-1) x N C A c 2214] 3310
I C G P R S 106 ( M a k u l u R e d x N C A c 2232) 3250
I C G P R S 9 4 ( R o b u t 33-1 x NC Ac 2214) 3060
I C G P R S 9 6 ( R o b u t 33-1 x NC Ac 2214) 3060
I C G P R S 104 ( N C 17 x N C A c 343) 3020
I C G P R S 5 9 [ X 5 2 - X - X - 3 - B x (M 13 x NC Ac 2214) ] 3020
I C G P R S 107 ( M a n f r e d i 6 8 x N C A c 343) 2960
I C G P R S 9 2 ( M 13 x N C A c 2214) 2940
I C G P R S 9 7 ( R o b u t 33-1 x NC Ac 2214) 2940
I C G P R S 8 7 ( R o b u t 33-1 x NC Ac 2214) 2920
C o n t r o l s
I C G S 6 2500
R o b u t 33-1 2580
N C A c 343 2290
S E ±304
T r i a l mean (n = 64) 2510
C V (%) 17
L o w - i n p u t pest ic ide- f ree c o n d i t i o n s
2
I C G P R S 3 9 [ M a n i P i n t a r x ( R o b u t 33-1 x N C A c 2214) ] 1540
I C G P R S 5 9 [ X 5 2 - X - X - 3 - B x (M 13 x NC Ac 2214) ] 1450
I C G P R S 9 2 ( M 13 x N C A c 2214) 1450
I C G P R S 3 7 ( M a n i P i n t a r x N C A c 2232) 1430
I C G P R S 9 4 ( R o b u t 33-1 x NC Ac 2214) 1410
I C G P R S 9 0 ( R o b u t 33-1 x NC Ac 2214) 1400
I C G P R S 8 ( R o b u t 33-1 x NC Ac 2214) 1390
I C G P R S 6 2 ( M a n f r e d i 6 8 x N C A c 343) 1370
I C G P R S 5 1 [ ( M a n i P i n t a r x R o b u t 33-1) x N C A c 2232] 1340
I C G P R S 3 5 ( T G 1 x N C A c 343) 1330
I C G P R S 3 6 ( M a n i P i n t a r x N C A c 2232) 1320
I C G P R S 103 ( M a n f r e d i 6 8 x N C A c 343) 1320
I C G P R S 9 7 ( R o b u t 33-1 x NC Ac 2214) 1310
I C G P R S 109 ( N C 17 x N C A c 343) 1300
I C G P R S 3 3 ( N C 17 x N C A c 34) 1290
C o n t r o l s
I C G S 6 1010
R o b u t 33-1 1200
N C A c 343 1030
S E ±98
T r i a l m e a n (n = 64) 1130
C V (%) 15
1. See T a b l e 10 f o o t n o t e 1. 2. See T a b l e 10 f o o t n o t e 2.
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f r ed i x N C A c 343)F 8 B 2 , ( T i f span x N C A c
2214)F 8 B 3 , ( G o l d i n I x N C A c 2232)F 8 B 3 , [ ( N C
A c 2232 x N C A c 2214) x N C A c 343) ]F 8 B 3 , ( N C
Ac 17352 x NC Ac 2232)F 8 B 2 , ( M G S 9 x NC Ac
2232)F 8 B 2 , [ ( N C A c 2232 x N C A c 2214) x N C A c
343) ]F 8 B 3 , ( M a n f r e d i 6 8 x N C A c 343)F 8 B 3 ,
( R o b u t 33-1 x N C A c 2232)F 8 B 3 , and ( R o b u t
33-1 x NC Ac 2232)F 8 B 3 , have excel lent p o d and
kerne l character is t ics. Several of the l ines per-
f o r m e d we l l under b o t h h i g h - and l o w - i n p u t
cond i t i ons .
Mechanisms of Host Resistance
We studied var ious aspects o f jassid b i o l o g y on
13 resistant and one susceptible cu l t i va r in a 
screenhouse t r i a l . The parameters s tudied were
jassid longev i ty , fecund i t y , body mass, and
reproduc t i ve po ten t i a l ; the p lan t parameters
were leaf l amina and m i d r i b hair iness, and to ta l
phenol ic ( t ann in ) content . T h e results (Tab le 17)
showed tha t resistance to jassids can be related
to the presence of l ong and dense t r i chomes , a 
th ick cut ic le , and the presence o f tann ins . T h e
cause of jassid resistance in three of the l ines
tested was no t d iscovered.
Table 17. Na ture and mechanism of groundnut resist-
ance to jassids.
N a t u r e o f resistance Access ion N o . ( N C A c )
O v i p o s i t i o n reduced
Feed ing reduced
F e c u n d i t y reduced
A n t i b i o s i s
N o t k n o w n
2214
1
, 2230
1
, 2232
2
,
2240B
1
, 2243
2
,
3
2214
1
, 2232
2
, 2240
1
2242
2
, 2232
1
, 2240
1
343
3
, 1705
2
, 2242
2
785, 2144, 2666
M e c h a n i s m o f res is tance:
1 . H i g h d e n s i t y , l o n g ha i r s .
2 . T h i c k c u t i c l e .
3 . H i g h t a n n i n c o n t e n t .
f o u n d tha t I C G S 4 , I C G S 5 , I C G S 6 , I C G S 11 ,
and I C G S 12 a l l responded pos i t i ve ly to NC 92
i n o c u l a t i o n , bu t on ly I C G S 4 , I C G S 11 and
I C G S 12 also responded to app l i ca t ions of f e r t i l -
izer n i t r ogen (Tab le 18).
Est imates of the a m o u n t o f n i t r ogen f i xed by a 
g iven legume c rop can be made by c o m p a r i n g
the n i t r ogen accumula ted in tha t c rop w i t h the
a m o u n t o f n i t r ogen p rov i ded to a n o n - f i x i n g
c rop (usua l ly o f ano the r species) to est imate the
a m o u n t tha t w o u l d have been taken up f r o m the
soi l . The m a j o r uncer ta in ty o f th is d i f f e ren t i a l -
up take m e t h o d has been tha t the up take by
ano ther species may be a p o o r re f lec t ion of the
a m o u n t o f n i t rogen taken up by the legume f r o m
tha t so i l .
D u r i n g the 1983/84 pos t ra iny season we c o m -
pared n i t rogen a c c u m u l a t i o n by t w o n o d u l a t i n g
genotypes w i t h a n o n - n o d u l a t i n g g r o u n d n u t and
t w o s o r g h u m cu l t i vars . A l l compar i sons were
made a t f ive levels o f app l ied N, r ang ing f r o m 0 
to 200 kg n i t rogen ha
- 1
. A c c u m u l a t i o n by the
n o d u l a t i n g g r o u n d n u t s was af fected by the
app l i ca t i on o f n i t rogen b u t the cu l t i vars d i f f e red ,
R o b u t 33-1 responded pos i t i ve ly , and J 11 nega-
t ive ly . Howeve r , the n o n - n o d u l a t i n g g r o u n d n u t s
and so rghum responded in a s im i la r and l inear
fash ion to the app l ied n i t r ogen ( F i g . 12). Th i s
result suggests tha t s o r g h u m gives a re l iab le est i -
m a t i o n o f the a m o u n t o f n i t rogen ava i lab le f r o m
the soi l f o r g r o u n d n u t s .
Stresses f r o m L a c k o f
Nut r i en ts
N i t r o g e n F i x a t i o n a n d N o d u l a t i o n
Response of Cultivars to Rhizobium Strain
NC 92 and Fertilizer Nitrogen
In prev ious t r ia ls we showed tha t y ie lds o f cu l t i v -
ars R o b u t 3 3 - 1 , JL 24, and I C G S 27 increased i n
response to i n o c u l a t i o n w i t h Rhizobium s t ra in
NC 92. We also observed tha t R o b u t 33-1
responded to the app l i ca t i on o f fe r t i l i zer n i t r o -
gen ( I C R I S A T A n n u a l Repo r t 1983, pp .205-
207). We conduc ted a t r i a l in the 1983/84
pos t ra iny season w i t h an expanded range
of genotypes to iden t i f y o ther cu l t i vars tha t may
respond to NC 92, and to see i f a l l those tha t
respond also respond to n i t r ogen fer t i l izers . We
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Table 18. Effect of Rhizobium strain ( N C 92) inoculation and nitrogen ferti l izer on pod yield (kg h a
- 1
) of five
groundnut genotypes, I C R I S A T Center, postrainy season 1983 /84 .
T r e a t m e n t
C o n t r o l I nocu la t ed N i t r o g e n
( n o n i n o c u l a t e d (Rhizobium a p p l i e d
C u l t i v a r s non fe r t i l i zed ) s t ra in N C 92 ) (200 k g h a
1
) M e a n S E
I C G S 12 5300 5810 5690 5600
l C G S 11 5140 5730 5690 5520
I C G S 4 3580 4320 3970 3960 ±192
I C G S 5 4570 5330 4080 4660
I C G S 6 5340 5530 4940 5270
SE ±333
M e a n 4785 5342 4875
S E mean ±149
Field tr ial to compare nitrogen accumulat ion by nodulat ing and non-nodulat ing genotypes of groundnut and t w o
sorghum cultivars. The groundnuts in the foreground are nodulat ing types obviously growing better than the
non-nodulat ing one (center), I C R I S A T Center, postrainy season 1983 /84 .
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I n this exper imen t the a m o u n t o f n i t r o g e n
f i xed by the n o d u l a t i n g g r o u n d n u t was esti-
mated to be 180 kg ha
- 1
.
Screening Methods to Identify Rhizobium 
Inoculant Strains
T w o m a j o r c r i te r ia are genera l ly used to i den t i f y
strains of Rhizobium f o r legume inocu lan ts to be
used by fa rmers . T h e f i rs t is the ab i l i t y to f i x
greater amoun t s o f n i t rogen than nat ive strains
(ef f ic iency) , and the second is the ab i l i t y to f o r m
nodules w i t h the host p lan t in the face o f compe -
t i t i o n f o r i n fec t i on sites by nat ive rhizobia ( c o m -
pet i t i ve ab i l i t y ) . We s tud ied the n i t r o g e n - f i x i n g
ef f ic iency and compe t i t i ve ab i l i t y o f three R h i z o -
bium s t ra ins, T A L 176, N C 43.3, and N C 9 2 i n
two -s t ra i n c o m b i n a t i o n s , in p o t cu l tu re in a 
greenhouse, and as single strains against the
nat ive p o p u l a t i o n in a f i e ld a t I C R I S A T Center .
Us ing the conven t i ona l me thods o f measur ing
n i t r o g e n - f i x i n g ef f ic iency we f o u n d tha t s t ra in
NC 43.3 f i xed most n i t rogen (Tab le 19). I n t w o -
s t ra in c o m b i n a t i o n s , and in the f ie ld T A L 176
was a poor compe t i t o r . In po t - cu l tu re cond i t i ons
NC 43.3 was super io r t o NC 92, but i n the f ie ld
against the nat ive rhizobia, NC 43.3 and NC 92
had s im i l a r compe t i t i ve ab i l i t ies (Tab le 20).
Based on these da ta , and conven t i ona l selec-
t i o n c r i te r ia f o r s t ra in i den t i f i ca t i on , N C 43.3
w o u l d be ident i f ied as the super io r s t ra in , h o w -
ever, these benefi ts do no t relate to the re lat ive
pe r fo rmance o f the strains in increas ing p o d
yields since NC 43.3, despite s im i la r compe t i t i ve
Table 19. Effect o f Rhizobium strains NC 92 , T A L 176, and NC 43.3 (10
8
 cells seed"
1
) on groundnut cult ivar R o b u t
3 3 - 1 , greenhouse t r ia l , I C R I S A T Center, 1984.
Rhizobium
s t ra in
T o t a l d r y
m a t t e r (g)
p l a n t
1 - 1
N o d u l e
n u m b e r
p l a n t
- 1
N o d u l e
mass ( m g )
p l a n t
- 1
N - c o n t e n t
(%) p l a n t
- 1
T o t a l N 
f i x e d ( m g )
p l a n t
- 1
T A L 176
N C 43.3
N C 92
S E
4.1
4.3
4.1
±0.20
173
216
169
±8.8
91
119
102
±6.2
3.7
4.8
4.0
±0.19
152
205
161
±19.9
Figure 12. Effect of nitrogen fertil izer applied (kg
ha
- 1
) on nitrogen uptake measured as ni trogen har-
vested (kg ha
- 1
) in: a. two nodulating groundnut geno-
types, Robut 33-1 and J 1 1 ; b. a non-nodulat ing
groundnut line, and c. two sorghum genotypes, C S H
8R and M 3 5 - 1 , I C R I S A T Center, postrainy season
1983 /84 .
y = 204 + 0.19x, rse = 8.99
r = 0.88, P < 0.05
y = 213 - 0.39x + 0.002x
2
, rse = 4.27
r = 0.95, P < 0.1
y = 28 + 0.35x, rse = 10.968
r = 0.94, P < 0.05
y = 33 + 0.34x, rse = 5.47
r = 0.98, P < 0.01
y = 25 + 0.30x, rse = 2.65
r = 0.99, P< 0 . 0 1 .
N i t r o g e n a p p l i e d ( k g h a
- 1
)
0 50 100 J50 200
x
250
200
150
100
50
0
y
R o b u t 3 3 - 1
J 11
n o n - n o d u l a t i n g l i n e
CSH 8R
M 3 5 - 1
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Table 20 . Percentage nodules formed on groundnut
cultivar R o b u t 33-1 by three Rhizobium inoculant
strains ( N C 92 , T A L 176, and N C 43.3) i n two-strain
combinat ions (10
6
 cells of each strain seed
-1
) in green-
house pot culture, and as single strains (10
6
 cells
seed
- 1
) in f ield containing 10
2
-10
4
 native rhizobia g
- 1
dry soil, I C R I S A T Center, rainy season 1984.
Nodu les f o r m e d by
s t ra in (%)
N C T A L N C
92 176 43.3
I n p o t c u l t u r e
N C 92 : T A L 176
N C 92: N C 43.3
1
77 T A L 176: N C 43.3
93 2 
48 77
3 97
In f i e l d as single s t ra in 20 1 17
1 . T o t a l va lues g rea te r t h a n 1 0 0 % a re due t o d o u b l e o c c u -
p a n c y b y N C 9 2 a n d N C 43 .3 ,
ab i l i t y and greater n i t r ogen - f i x i ng ef f ic iency
does not increase yields wh i le NC 92 does ( I C R I -
S A T A n n u a l Repo r t 1979/80, pp . 157 and 1982,
p. 200).
This effect is being fu r the r invest igated since it
leaves some d o u b t abou t the value o f the ex is t ing
s t ra in - iden t i f i ca t ion procedures.
Effect of Sowing Depth on Yield
We repor ted earl ier that deep sow ing , as prac-
t iced by m a n y farmers in south I n d i a , decreased
n o d u l a t i o n and n i t rogen f i x a t i o n ( I C R I S A T
A n n u a l Repo r t 1981, p . 186). D u r i n g the 1984
ra iny season we observed decreases in p o d and
h a u l m yields when g r o u n d n u t s were sown 8-10
cm compared to 4-6 cm deep. T h e p robab le rea-
sons fo r deep sow ing are: to u t i l i ze res idua l so i l
mo is tu re f o r g e r m i n a t i o n and seedl ing g r o w t h ;
to pro tect the seed f r o m b i rds and an ima ls ; and
because conven t i ona l sow ing devices place the
seeds deeper than necessary.
O u r results (Tab le 21) ind icate tha t y ie ld losses
due to this pract ice cou ld be subs tan t ia l , and we
also f o u n d tha t there was a s ign i f i cant in terac-
t i o n between the effects o f sow ing dep th and
cu l t i vars , w i t h R o b u t 33-1 be ing mo re affected
than J 11, Sha l l ow sow ing is desirable i f s tand
establ ishment can be assured. Research to over-
come these prob lems by o ther methods cou ld
have a substant ia l impac t on yields achieved by
farmers . I t is also possible that genotypes tha t
suffer less y ie ld loss when sown t oo deeply cou ld
be ident i f ied .
I r o n Def ic iency
Screening Breeding Lines for I ron Efficiency
In y ie ld t r ia ls at Bhavanisagar d u r i n g the 1984
ra iny season several breeding lines showed
severe i r o n chloros is symp toms when the c rop
was 80 days o l d . We used this o p p o r t u n i t y to
screen fo r i r o n 'ef f ic iency' a m o n g the breed ing
l ines. I r o n def ic iency was scored on a 0-5 scale,
Table 2 1 . Effect of sowing depth on pod and haulm yields (kg ha
- 1
) of two groundnut cultivars, I C R I S A T Center,
rainy season 1984.
P o d y ie ld ( k g ha
- 1
) H a u l m y ie ld ( k g ha
- 1
)
S o w i n g d e p t h ( c m ) S o w i n g d e p t h ( cm)
4-6 8-10 SE
1
4-6 8-10 SE
1
R o b u t 33-1
J 11
5200
2930
3400
2220
±182 4230
3550
3470
3260
±164
SE ±251 ±184
M e a n 4060 2810 3890 3360
S E m e a n ±129 ±116
1 . SEs f o r c o m p a r i n g s o w i n g d e p t h w i t h i n a c u l t i v a r .
-
-
-
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Groundnut leaflets showing chlorosis due to severe
iron deficiency, Bhavanisagar, rainy season 1984.
where 0 = no def ic iency and 5 = comp le te ly c h l o -
ro t ic , in 180 breed ing and ge rmp lasm l ines, each
repl icated three t imes in three d i f fe ren t t r ia ls .
Consistent scores were observed between rep l i -
cat ions. E ight l ines were selected as i ron-e f f i c ien t
(Tab le 22) based on consis tent ly l o w scores
across repl icates. B o t h the sma l l - and large-
podded selections o f NC 3033 showed no de f i -
ciency in a l l the repl icates tested.
P l a n t I m p r o v e m e n t
Breeding for H i g h Y i e l d and Q u a l i t y
Postrainy Season 1983/84
Generat ion advance and selection. F i v e
hundred bu l k selections f r o m d i f fe ren t genera-
t ions ( F 2 - F13) were genera t ion advanced. F o l -
l o w i n g select ion fo r y ie ld and o ther a g r o n o m i c
t ra i ts , 430 bu l k selections f r o m 270 crosses were
Table 22 . Selected iron-efficient groundnut breeding
lines
1
.
Pedigree
I r o n e f f i c iency
score
2
N C 3033 ( S m a l l p o d ) 0.0
N C 3033 ( B o l d p o d ) 0.0
R M P 12 0.3
R M P 91 0.5
N C A c 17142 0.5
I C G S ( E ) 4 2 0.5
I C G S ( E ) 3 0 o.s
P I 393527B 0.8
C o n t r o l s
J 11 2.3
J L 24 2.8
R o b u t 33-1 2.8
C h i c o 4.0
1 . F r o m t h r e e d i f f e r e n t t r i a l s .
2. On a 0-5 scale, w h e r e 0 = no d e f i c i e n c y a n d 5 = c o m p l e t e l y
c h l o r o t i c . A v e r a g e o f t h r e e rep l i ca tes .
re ta ined f o r f u r t h e r select ion and genera t ion
advance. We also iden t i f ied Spanish b u n c h selec-
t ions w i t h large pods and seeds w i t h tan or rose
testa co lo r . We evaluated progenies f r o m in te r -
specif ic crosses susceptible to f o l i a r diseases f o r
var ious a g r o n o m i c t ra i ts , and 50 selections were
retained f o r f u r t he r eva lua t ion .
We a t tempted new crosses o f h i gh -y ie l d i ng
I C G S lines w i t h o ther ge rmp lasm l ines hav ing
desirable a g r o n o m i c t ra i ts . Crosses i n v o l v i n g
interspeci f ic der ivat ives were also made to
b roaden the genetic base f o r va r ious a g r o n o m i c
t ra i ts .
Yield trials at I C R I S A T Center. F ive h u n d r e d
advanced-generat ion selections were tested f o r
the i r y ie ld po ten t ia l compared to R o b u t 33-1
and I C G S 11 under h i gh - i npu t cond i t i ons in a 
b r o a d b e d - a n d - f u r r o w ( B B F ) system. Pod yields
of Spanish and Vi rg in ia bunch selections are pres-
ented in Tab le 23. A l l the selections in Tab le 23
have s ign i f i can t l y ou ty ie lded bo th the m i n i k i t
c o n t r o l cu l t i vars by y i e l d i ng mo re t han 7000 kg
d r y pods ha
- 1
. The highest y ie ld o f 8000 kg pods
h a
- 1
 was recorded by the select ion [ ( N C Ac
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Table 23. Y ie ld of Spanish and Virginia bunch selections outyielding both R o b u t 33 -1
1
 and I C G S 11
2
, l C R I S A T
Center, postrainy season 1 9 8 3 / 8 4 .
T r i a l
n u m b e r
D r y p o d
y ie ld
( k g ha
- 1
)
G r o w t h
hab i t
Y i e l d o f c o n t r o l s
Pedigree ( k g ha
- 1
)
T r i a l 1 [ ( G 3 7 x P l 259747 )F 6 B 1 x 
( F 6 ) R o b u t 33 -1 -21 -11 ]F 6 B 1
[ ( M 13 x R o b u t 33 -1 )F 6 B 1 x 
7640 SB R o b u t 33-1
1
I C G S 1 1
2
6090
6220
(53-68 x R o b u t 33-1 ) ] F 7 B 1 7440 V B , S B S E ±246
( R o b u t 33-1 x 8 6 5 ) F 6 B 1 7400 V B , S B T r i a l mean (n = 36) 6450
( R o b u t 33-1 x 9 0 5 ) F 6 B 1
( R o b u t 33-1-21-11 x 877 )F 6 B 1
[ (53-68 x R o b u t 3 3 - 1 ) F 7 B 1 x 
( M K 374 x R o b u t 3 3 - 1 ) F 7 B 1 ] F 6 B 1
( R o b u t 33-1 x 811 )F 6 B 1
[ ( R o b u t 33-1 x NC Ac 2821 )F 6 B 1 x 
( U S A 2 0 x T M V 10 )F 6 B 1 ] F 6 B 1
7300
7220
7210
7090
7010
V B , S B
V B
V R
V B , S B
SB
C V (%) 7
T r i a l 2 ( I C G S 22 x I C G S 16)F 6 B 1 7800 S B R o b u t 33-1 6170
( F 5 ) [ ( I C G S 5 x ( T M V 10 x C h i c o ) F 6 B 1 ] F 5 B 2 7230 V B , S B I C G S 11 5830
[ ( I C G S 15 ( T M V 10 x C h i c o ) F 6 B 1 ] F 5 B 1 7130 S B , V B S E ±332
[ ( I C G S 24 x ( T M V 10 x C h i c o ) F 6 B 1 ] F 5 B 2 7130 V B , S B T r i a l mean ( n = 4 9 ) 6230
( N C Ac 17352 x Ah 114)F 5 B 1 7120 V B C V (%) 9
T r i a l 3 [ ( N C Ac 17090 x R o b u t 33-1 ) F 7 B 1 x 
( F 8 , F 9 ) (M 13 x R o b u t 3 3 - 1 ) F 8 B 1 ] F 9 B 1 8010 S B R o b u t 33-1 5380
( R o b u t 33-1 x L . N o . 9 5 - A ) F 8 B 1 7190 S B , V B I C G S 11
S E
T r i a l mean (n = 25)
C V (%)
6020
±396
6150
11
T r i a l 4 ( R o b u t 33-1 x N C A c 2 7 3 1 ) F 8 B 1 7250 R o b u t 33-1 5630
( N Y T V B ) ( F l o r i g i a n t x R o b u t 33 -1 )F 1 2 B 1 7100 I C G S 11
S E
T r i a l mean (n = 18)
C V (%)
6280
±227
6230
6
T r i a l 5 ( N C Ac 529 x R o b u t 3 3 - l ) F 1 2 B 1 7240 R o b u t 33-1 5280
(F 1 2 )
( N C Ac 475 x R o b u t 33 -1 )F 1 2 B 1 7010 I C G S 11
S E
T r i a l m e a n (n = 36)
C V (%)
6040
±162
5480
5
1 . R o b u t 33 -1 = V i rg i n i a b u n c h c o n t r o l .
2 . I C G S 11 = Span ish b u n c h c o n t r o l ( S B ) .
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17090 x R o b u t 33-1) F 7 B 1 x (M 13 x R o b u t
3 3 - l ) F 8 B 1 ) ] F 7 B 1 . M a n y o ther selections s ign i f i -
can t l y ou ty ie lded R o b u t 3 3 - 1 , bu t no t l C G S 11.
The o i l con ten t o f these l ines var ied f r o m 38 to
4 9 % and the p ro te i n con ten t f r o m 16 to 2 8 % .
Rainy Season 1984
Generation advance and selection. We g rew
474 selections f r o m 314 crosses in va r ious gener-
at ions (F 2 -F 1 4 ) under h i g h - i n p u t cond i t i ons .
Usefu l selections were made, i n c l u d i n g large-
seeded con fec t ionery types.
H igh - y i e l d i ng breeding l ines and ge rmp lasm
accessions w i t h desirable a g r o n o m i c t ra i ts were
intercrossed to generate new popu la t i ons w i t h
more genetic va r i ab i l i t y f o r va r ious t ra i ts .
Yield trials. We yie ld- tested 220 advanced gen-
erat ions under h i g h - and l o w - i n p u t c o n d i t i o n s a t
I C R I S A T Center and Bhavan isagar . O t h e r
t r ia ls a t A n a n t a p u r , D h a r w a d , and H i s a r were
abandoned due t o d r o u g h t o r so i l sa l in i t y p r o b -
lems. Selected results f r o m one o f the t r ia ls are
shown in Tab le 24. Several l ines,such as ( M G S 9 
x R o b u t 33 -1 )F 1 5 ,B1 and ( R o b u t 33-1 x NC Ac
316)F 1 5 B 1 y ie lded we l l under b o t h h i g h - a n d l o w -
i n p u t cond i t i ons a t I C R I S A T Center .
Preliminary evaluation of new selections. T w o
hund red and seventy new select ions, iden t i f i ed
ear l ier , were evaluated fo r the i r pe r f o rmance
against s tandard c o n t r o l cu l t i vars under highl-
and l o w - i n p u t cond i t i ons a t I C R I S A T Center i n
the ra iny season. Of these, 150 selections were
Table 24. Kernel yields (kg ha
- 1
) of some high-yielding selections in three environments, I C R I S A T Center (h igh-
and low-inputs
1
) and Bhavanisagar, rainy season 1984.
Yie lds ( k g ha
- 1
)
I C R I S A T Cen te r
H i g h i n p u t L o w i n p u t Bhavan i saga r
Pedigree ( I r r i g a t e d ) ( R a i n f e d ) ( I r r i g a t e d ) M e a n
( M G S 9 x R o b u t 33 -1 )F 1 5 B 1 6290 (1)2 1470 (5) 1 7 9 0 ( 4 5 ) 3180
( M K 374 x R o b u t 33 -1 )F 1 5 B 1 5750 (7) 1 3 6 0 ( 2 0 ) 2 1 5 0 ( 1 9 ) 3090
( M K 374 x R o b u t 3 3 - 1 ) F 1 5 B 1 5740 (8) 1480 (4) 1930 (34) 3050
( R o b u t 33-1 x N C A c 3 1 6 ) F 1 5 B 1 6200 (2) 1450 (7) 1450 (59) 3030
[ ( R o b u t 33-1 x NC Ac 2821) x 
( G o l d i n 1 x F a i z p u r 1-5) ]F 1 5B 1 5 2 0 0 ( 2 1 ) 1320 (28) 2480 (7) 3000
( M 1 3 x K U N o . 2 0 3 ) F 1 0 B 1 5880 (5) 1 3 4 0 ( 2 2 ) 1 7 1 0 ( 5 0 ) 2980
R o b u t 33-1-12-10 5990 (3) 1 3 1 0 ( 2 9 ) 1 5 8 0 ( 5 4 ) 2960
( F l o r i g i a n t * Ah 330 )F 1 0 B 1 5480 (14) 1490 (3) 1 8 2 0 ( 4 2 ) 2930
( F a i z p u r 1-5 x Ah 330 )F 1 0 B 1 5560 (12) 1 1 7 0 ( 4 3 ) 2000 (26) 2910
( F S B 7-2 x 75 -23 )F 1 0 B 1 5 1 5 0 ( 2 8 ) 1 3 8 0 ( 1 3 ) 2 1 0 0 ( 2 1 ) 2880
C o n t r o l s
R o b u t 3 3 - 1
3
4400 1160 1760
I C G S 6
3
5160 950 1860
SE ±282 ±129 ±252
T r i a l mean (n = 64) 5050 1250 1970
C V (%) 10 18 22
1. See T a b l e 10 f o o t n o t e s 1 a n d 2.
2 . F i g u r e s i n paren theses a re y i e l d r a n k s .
3 . V i r g i n i a b u n c h t ypes .
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Table 25 . P o d yields (kg ha
- 1
) of some high-yielding selections wi th excellent pod and kernel characteristics under
high- and low- input conditions
1
, I C R I S A T Center, rainy season 1984.
H i g h - i n p u t c o n d i t i o n s L o w - i n p u t c o n d i t i o n s
P o d y ie ld P o d y i e l d
Pedigree ( k g ha
- 1
) Pedigree ( k g h a - ' )
[ ( F l o r i g i a n t x N C A c 17090) x ( I C G S 44 x F 3 3 4 A - B - 1 4 ) F 5 B 1 1580
( D h 3-20 x P1 259747 ) ]F 1 B 1 6860 ( I C G S 49 x I C G S 4 ) F 5 B 1 1550
( I C G S 21 x I C G S 3 8 ) F 6 B 1 6690 [ ( F l o r i g i a n t x N C A c 17090)x
( I C G S 21 x I C G S 3 8 ) F 6 B 2 ( D h 3-20 x P1 2 5 9 7 4 7 ) ] F 5 B 1 1440
( A h 65 x F 3 3 4 A - B - 1 4 ) F 6 B 1 6600 ( I C G S 46 x I C G S 3 6 ) F 5 B 1 1420
( G A U G 1 x F 3 3 4 A - B - 1 4 ) F 6 B 1 6430 ( A h 65 x F 3 3 4 A - B - 1 4 ) F 6 B 1 1330
( I C G S 16 x F 3 3 4 A - B - 1 4 ) F 5 B 2 6420 ( V a r 2-5 x F 3 3 4 A - B - 1 4 ) F 5 B 1 1310
( I C G S 44 x F 3 3 4 A - B - 1 4 ) F 5 B 1 6420 ( I C G S 21 x I C G S 3 8 ) F 6 B 1 1290
( I C G S 44 x F 3 3 4 A - B - 1 4 ) F 5 B 1 6340 ( G A U G 1 x F 3 3 4 A - B - 1 4 ) F 6 B 1 1270
( S m 5 x F 3 3 4 A - B - 1 4 ) F 6 B 1 6250 ( I C G S 21 x I C G S 3 8 ) F 6 B 2 1250
( V a r 2-5 x F 3 3 4 A - B - 1 4 ) F 6 B 1 6240 ( F 3 3 4 A - B - 1 4 x I C G S 6 ) F 6 B 1 1240
( I C G S 24 x I C G S 2 7 ) F 6 B 1 6070 ( I C G S 24 x I C G S 2 7 ) F 6 B 1 1220
( V a r 2-5 x F 3 3 4 A - B - 1 4 ) F 6 B 1 6060 ( I C G S 16 x F 3 3 4 A - B - 1 4 ) F 5 B 2 1190
( I C G S 16 x F 3 3 4 A - B - 1 4 ) F 5 B 1 5930 ( I C G S 24 x I C G S 2 7 ) F 6 B 1 1180
( I C G S 44 x F 3 3 4 A - B - 1 4 ) F 5 B 1 5920 ( I C G S 44 x F 3 3 4 A - B - 1 4 ) F 5 B 1 1170
( I C G S 49 x I C G S 4 ) F 5 B 1 5910 ( S m 5 x F 3 3 4 A - B - 1 4 ) F 6 B 1 1150
( I C G S 46 x I C G S 3 6 ) F 5 B 1 5880 ( I C G S 27 x F 3 3 4 A - B - 1 4 ) F 5 B 1 1100
( I C G S 27 x F 3 3 4 A - B - 1 4 ) F 5 B 1 5850 ( F 3 3 4 A - B - 1 4 x I C F G S 2 0 ) F 6 B 1 1150
( I C G S 24 x I C G S 2 7 ) F 6 B 1 5770 ( I C G S 16 x F 3 3 4 A - B - 1 4 ) F 5 B 1 1080
( F 3 3 4 A - B - 1 4 x I C G S 2 0 ) F 6 B 1 5620 ( I C G S 44 x F 3 3 4 A - B - 1 4 ) F 5 B 1 1070
C o n t r o l s C o n t r o l s
J L 24
2 4560 J L 24
2 700
R o b u t 3 3 - 1
3 5660 R o b u t 3 3 - 1
3 1300
S E ±306 SE ±108
T r i a l m e a n (n = 25) 5970 T r i a l mean (n = 25) 1200
C V (%) 9 C V (%) 15
1. See T a b l e 10 f o o t n o t e s 1 a n d 2.
2 . S p a n i s h b u n c h t y p e .
3 . V i r g i n i a b u n c h t y p e .
rejected fo r hav ing l ow yields and undesi rab le
p o d and kerne l t ra i ts . O n l y 110 selections have
been reta ined f o r f u r t he r eva lua t ion f o r var ious
qua l i t y t ra i ts . Results f o r some o f the h i g h -
y ie ld ing selections w i t h excel lent pod and kerne l
character ist ics are shown in Tab le 25. U n d e r
h i g h - i n p u t cond i t i ons the best eight selections
s ign i f i can t l y ou ty ie lded bo th JL 24 and R o b u t
3 3 - 1 , whereas others were on ly s ign i f icant ly
super ior t o J L 24. Select ion [ ( F l o r i g i a n t x N C A c
17090) x ( D h 3-20 x P1 259747) ]F 5 B 1 p roduced
the highest p o d y ie ld , 6860 kg d r y pods ha
- 1
, a 
5 0 % y ie ld increase over JL 24 and 2 0 % over
R o b u t 3 3 - 1 . I t ranked 3rd under l o w - i n p u t c o n -
d i t i ons w h e n i t y ie lded 1440 kg d r y pods ha
- 1
.
S im i l a r l y , most of these selections were s ign i f i -
cant ly h igher -y ie ld ing t han JL 24 under the l o w -
i n p u t cond i t i ons . Select ion ( I C G S 44 x F33
226 Groundnut 
4 A - B - 1 4 ) F 5 B 1 tha t gave the highest pod y ie ld
under l o w - i n p u t cond i t i ons ranked 8 th under
h igh inputs .
I t is in terest ing to observe tha t one of the
c o m m o n parents in the pedigree o f m a n y o f these
selections is F334A-B-14 , a F lor ida breeding l ine
resistant to co l la r ro t caused by Diplodia sp.
Th is mater ia l m igh t be of interest in areas where
co l la r ro t is a serious p r o b l e m . I t appears tha t
F 3 3 4 A - B - 1 4 has good c o m b i n i n g ab i l i t ies .
B r e e d i n g f o r t h e C o n f e c t i o n e r y M a r k e t
Large-seeded, wel l -shaped kernels receive a pre-
m i u m pr ice on the w o r l d marke t f o r edib le
g roundnu ts . E x p o r t i n g count r ies inc lude Egyp t ,
M a l a w i , the Peoples' Repub l i c o f C h i n a , Sene-
ga l , and Sudan . M a n y o ther count r ies are in ter -
ested in deve lop ing ei ther an e x p o r t , or an
in te rna l t rade in this type o f g r o u n d n u t .
In the 1983/84 pos t ra iny season, large-seeded
selections averag ing 30-40 seeds ounce
- 1
 c o m -
pared to 50-60 seeds ounce
- 1
 f o r the c o n t r o l c u l -
t i va r s R o b u t 33-1 and I C G S 1 1 , were
yield-tested a t I C R I S A T Center under h i g h -
inpu t cond i t i ons . M a n y selections y ie lded over
6000 kg pods ha
- 1
, and f ou r over 7000 kg ha
- 1
(Tab le 26). The n u m b e r of seeds ounce
- 1
 is a 
qua l i t y est imate used by the con fec t ionery t rade.
Groundnut cultivar H Y Q S 3 ( top) has well-shaped
kernels, larger than the three commonly grown cultiv-
ars shown for comparision, I C R I S A T Center, post-
rainy season 1983 /84 .
Table 26. Performance of selected confectionery
groundnut selections [ H Y Q ( C G ) S ] , I C R I S A T Cen-
ter, postrainy season 1 9 8 3 / 8 4 .
T r i a l
no . I d e n t i t y
G r o w t h
hab i t
Pod y ie ld
( k g ha
- 1
)
1 . H Y Q ( C G ) S 8 S B / V B
3
7005
C o n t r o l s
R o b u t 3 3 - 1
1
I C G S 1 1
2
V B
SB
6093
6221
SE ±246
Tr ia l mean (n=36) 6454
C V (%) 7
2 . H Y Q ( C G ) S 1 3
H Y Q ( C G ) S 1 4
S B
V B
7875
6965
C o n t r o l s
R o b u t 33-1
I C G S 1 1
2
V B
SB
6219
7264
SE ±286
Tr ia l mean(n=21) 6753
C V (%) 7
3. H Y Q ( C G ) S 17
C o n t r o l s
R o b u t 33-1
J L 24
2
SB
V B
SB
7583
6000
5653
SE ±345
Tr ia l mean (n=64) 5947
C V (%) 10
1 . V i r g i n i a b u n c h t y p e .
2 . S p a n i s h b u n c h types .
3 . S B = S p a n i s h b u n c h , V B = V i r g i n i a b u n c h .
In the 1984 ra iny season f u r t he r t r ia ls were
conducted under h i g h - and l o w - i n p u t cond i t i ons
a t I C R I S A T Center and Bhavanisagar . Y ie lds o f
selected large-seeded entr ies hav ing comparab le
yields to the small-seeded con t ro ls are s h o w n in
Tab le 27.
Breeding for Earliness
I t is essential to k n o w jus t when a cu l t i va r is
matu re so that on l y ear ly types are selected.
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Table 27 . P o d yields (kg ha
- 1
) of large-seeded confectionery groundnut selections [ H Y Q ( C G ) S ] in three envi ron-
ments, rainy season 1984.
P o d y ie l d ( k g ha
- 1
)
I C R I S A T
B h a v a n i -
sagarI d e n t i t y Pedigree H I
1
L P M e a n
H Y Q ( C G ) S 1 4 [ ( R o b u t 33-1 x NC Ac 2821) x NC 3033 ) ]F 1 0 B 1 5210 1550 2370 3040
H Y Q ( C G ) S 3 (M 13 x R o b u t 33 -1 )F 1 5 B 1 5730 1160 1750 2880
H Y Q ( C G ) S 5 ( R o b u t 33-1 x M 13)F 1 5 B 1 5010 1370 2250 2880
H Y Q ( C G ) S 1 ( J H 335 x R o b u t 33 -1 )F 1 4 B 1 4880 1300 2080 2750
H Y Q ( C G ) S 2 (M 13 x R o b u t 33 -1 )F 1 5 B 1 4940 1330 1800 2690
C o n t r o l s
l C G S 6
2
5160 950 1860 2660
R o b u t 3 3 - 1
2
4400 1160 1760 2440
SE ±282 ±129 ±252
T r i a l m e a n (n=64) 5050 1250 1970
C V (%) 10 18 22
1. H I = H i g h - i n p u t c o n d i t i o n s , L I = L o w - i n p u t c o n d i t i o n s , see T a b l e 10 f o o t n o t e s 1 a n d 2 .
2 . Sma l l - seeded c o n t r o l c u l t i v a r s .
However , th is is comp l i ca ted in g r o u n d n u t ,
because of its inde te rmina te na tu re , and because
pod m a t u r a t i o n is a cumu la t i ve , subter ranean
process. M a t u r i t y de te rm ina t ions are f u r t he r
comp l i ca ted by soi l and a tmospher i c factors .
There fo re , we w o r k e d on an ope ra t i ona l de f i n i -
t i on fo r m a t u r i t y i n g r o u n d n u t .
We used a 's taggered-harvest ing system' in
wh ich the lines under eva lua t ion are harvested at
predef ined regular intervals f r o m randomized
and repl icated f ie ld p lo ts . Pod and sound ma tu re
kerne l ( S M K ) y ie lds, shel l ing percentages, and
kerne l masses are est imated f r o m the staggered
harvests. M a t u r i t y is de termined as that po in t of
t ime when these matu r i t y - re la ted characters
reach the i r peak. P re l im ina ry exper ience has
ind ica ted tha t this is a useful system to def ine
a g r o n o m i c m a t u r i t y i n g roundnu ts .
Us ing this app roach , we screened 60 breeding
lines f o r m a t u r i t y in the 1983/84 pos t ra iny sea-
son , and 184 breed ing lines and 71 ge rmp lasm
lines in the 1984 ra iny season, in nine t r ia ls .
F r o m the t w o postrainy-season t r ia ls , we
reta ined 44 l ines f o r retest ing in the ra iny season.
F r o m the breeding lines tested in six t r ia ls in the
ra iny season, we selected 26 ea r l y -ma tu r i ng (90-
100 days) and 22 ex t ra -ea r l y -ma tu r i ng lines (75
days). The per fo rmance of f o u r selected l ines is
compared to the cont ro ls in the staggered harv -
ests f r o m one t r ia l in Tab le 28. The results show
that the ea r l y -ma tu r i ng l ines, unless o therwise
harvested ear ly , do not exh ib i t s ign i f icant
advantages. Th is is, perhaps, because of a pos i -
t ive regression of y ie ld on m a t u r i t y and the losses
tha t occur af ter ma tu r i t y .
The progress o f S M K y ie ld ha
- 1
 over the harv -
ests of t w o ear ly variet ies and three con t ro ls is
g iven in F igure 13. I C G S ( E ) 71 appeared to be
an ext ra-ear ly l ine, m a t u r i n g in less t h a n 75 days,
and consistent ly ou t - y ie ld ing C h i c o , also f r o m
the same g roup . I C G S ( E ) 6 1 , tha t showed the
highest y ie ld in 90 days also showed super io r i t y
when harvested at 75 days. A l l the selections are
being retested.
In the ra iny season we also screened 75 g e r m -
p lasm lines ob ta ined by increasing s ingle-plant
se lect ions f r o m e a r l y - m a t u r i n g g e r m p l a s m
accessions ( I C R I S A T A n n u a l Repo r t 1984,
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Table 28 . Per formance of selected ear ly -matur ing groundnuts in staggered harvests at 75 , 90 , 105, and 120 D A S
under h igh- input condit ions
1
, I C R I S A T Center , ra iny season 1984.
l C G S ( E ) P o d y ie ld S M K y ie ld S h e l l i n g 100-kerne l
n u m b e r Ped igree ( k g ha
- 1
) ( k g ha
- 1
) (%) mass (g)
- - - - - - - - - - - - - - - - - - - - - - 7 5 D A S - - - - - - - - - - - - - - - - - - - - - -
11 ( X 1 4 - X - X - 1 - B x G o l d i n 1) 3370 1940 66 41
21 (72 R x C h i c o ) 3290 1901 67 44
22 ( A h 65 x C h i c o ) 3540 1890 64 38
27 ( J H 89 x C h i c o ) 3260 1560 59 36
C o n t r o l s
C h i c o ( E a r l y source l ine) 2100 1200 65 30
J L 2 4 ( N a t i o n a l ) 2670 1280 55 41
R o b u t 33-1 ( N a t i o n a l ) 2840 1450 61 35
SE ±301 ±214 ±4.4 ±3.5
T r i a l m e a n (n = 33) 2950 1580 61 37.0
C V (%) 13 17 9 12
-- - - - - - - - - - - - - - - - - - - - - 90 DAS--- - - - - - - - - - - - - - - - - - - -
11 ( X 1 4 - X - X - 1 - B x G o l d i n 1)
21 (72 R x C h i c o )
3490
3530
1930
1910
65
63
40
38
22 ( A h 65 x C h i c o ) 3320 1850 63 40
27 ( J H 89 x C h i c o ) 3930 2490 68 41
C o n t r o l s
C h i c o ( E a r l y source l ine) 2490 1400 63 27
J L 2 4 ( N a t i o n a l ) 3240 1730 59 44
R o b u t 33-1 ( N a t i o n a l ) 3240 1820 64 39
SE ±358 ±329 ±7.7 ±3.1
T r i a l m e a n (n = 33) 3330 1780 63 38
C V (%) 13 23 15 10
---------------------- 105 DAS----------------------
11 ( X 1 4 - X - X - 1 - B x G o l d i n 1)
21 (72 R x C h i c o )
2760
3090
1260
1720
59
68
32
38
22 ( A h 65 x C h i c o ) 3350 1860 62 32
27 ( J H 89 x C h i c o ) 2890 1590 65 37
C o n t r o l s
C h i c o ( E a r l y source l ine) 1400 620 47 24
J L 2 4 ( N a t i o n a l ) 2960 1780 66 40
R o b u t 3 3 - l ( N a t i o n a l ) 2760 1610 66 37
S E ±444 ±336 ±5.7 ±2.1
T r i a l m e a n (n = 33) 3120 1710 63 35
C V (%) 17 24 11 7
Continued.
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Table 28 . Continued. 
I C G S ( E )
n u m b e r Ped igree
P o d y ie ld
( k g h a
- 1
)
S M K y i e l d
( k g ha
- 1
)
S h e l l i n g
(%)
100-kerne l
mass (g)
- - - - - - - - - - - - - - - - - - - - 120 D A S - - - - - - - - - - - - - - - - - - -
11 ( X 1 4 - X - X - 1 - B x G o l d i n 1) 2930 1590 64 45
21 (72 R x C h i c o ) 2680 1820 72 45
22 ( A h 65 x C h i c o ) 2610 1700 73 40
27 ( J H 89 x C h i c o ) 2420 1440 67 46
C o n t r o l s
C h i c o ( E a r l y source l ine) 1220 470 45 32
J L 2 4 ( N a t i o n a l ) 2420 1450 67 51
R o b u t 33-1 ( N a t i o n a l ) 2960 1950 71 53
S E ±347 ±276 ±5.4 ±3.4
T r i a l m e a n (n = 33) 2530 1500 66 42
C V (%) 17 23 10 10
1. See T a b l e 10 f o o t n o t e 1.
Figure 13. Sound mature kernels ( S M K ) yield (kg
h a
- 1
) o f t w o breeding and three control groundnut
lines in staggered harvesting under high- input condi-
t ions, I C R I S A T Center, rainy season 1984.
pp.212) by staggered harvests, and we iden t i f i ed
13 selections w i t h h i g h , ear ly y ie lds f o r f u r t h e r
test ing fo r earl iness and y i e l d i ng ab i l i t y . E igh t o f
these l ines are valencias.
In the ra iny season, we also tested 64 ear ly -
m a t u r i n g b reed ing l ines in t w o t r ia ls a t f ive l oca -
t ions i n I n d i a to de te rm ine the i r a d a p t a b i l i t y and
y ie ld s tab i l i t y across loca t ions . We selected 18
ear ly l ines f o r the i r super io r pe r f o rmance (Tab le
29).
In 1984 we organ ized an I n t e r n a t i o n a l
G r o u n d n u t E a r l y - M a t u r i n g C u l t i v a r T r i a l w i t h
32 entr ies, and sent i t to 12 loca t ions ; 6 in A f r i c a ,
2 in A s i a , and 3 in o the r con t inen ts .
W e con t i nued o u r cross ing w o r k t o inc lude
new ly - i den t i f i ed , e a r l y - m a t u r i n g l ines, and h i g h -
y ie ld ing bu t l a t e - m a t u r i n g l ines w i t h o ther useful
t ra i t s .
U t i l i z i n g W i l d Arachis Species
We c o n t i n u e d to backcross in terspec i f ic de r i va -
t ives. We selected disease-resistant segregates
f r o m segregat ing p o p u l a t i o n s o f s table, t e t ra -
p l o i d , in terspec i f ic der iva t ives , and advanced
t h e m in s ing le-p lant p rogeny rows . A d v a n c e d
ICGS(E) 6 1
I C G S I E ) 7 1
C h i c o
X 2 4
R 3 3 - 1
2500
2000
1500
1000
500
0
75 90 105 120
SE
D a y s a f t e r s o w i n g ( D A S )
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Table 29 . Per formance of selected early groundnut lines at f ive locations in I n d i a , rainy season 1984.
P o d y ie l d ( k g h a
- 1
)
I C G S ( E ) I C R 1 S A T I C R I S A T B h a v a n i - D h a r w a d H i s a r
n u m b e r Ped ig ree ( H I )
1
( 9 0 )
2
( L I )
1
( 1 1 4 ) sagar (85) (98) (107) M e a n
T r i a l 3 1
21 ( 7 2 R x C h i c o ) 3530 1100 1710 2830 3660 2566
10 ( J H 171 x C h i c o ) 3480 1160 1220 2640 3850 2470
8 ( N C A c 17113 x T G 16) 3490 1010 1420 2490 3930 2468
26 ( T i f s p a n x 28-206) 3280 1170 1370 2600 3590 2402
13 ( Jacana x L . N o . 9 5 A) 3270 1060 1150 2880 3520 2376
12 (148-7 -4 -3 -12 -B x 72 R) 3490 880 1680 2100 3350 2300
C o n t r o l s
C h i c o ( E a r l y source l ine) 2490 330 1230 2280 2310 1728
J L 2 4 ( N a t i o n a l ) 3240 1090 1000 2670 2790 2158
R o b u t 3 3 - l ( N a t i o n a l ) 3240 1250 861 2840 2590 2156
S E ±353 ±144 ±275 ±275 ±538
T r i a l m e a n (n=33 ) 3330 1030 1200 2680 3140
C V (%) 13 17 28 13 21
T r i a l 32
56 ( I C G S 44 x TG 2 E ) 4280 900 1230 3800 5650 3172
55 ( I C G S 22 x TG 2 E ) 4050 1080 1190 4060 4540 2984
34 (2-5 x R o b u t 33-1) 3970 950 1750 3870 3720 2852
52 ( S h a n t u n g k u N o . 203 x 
R o b u t 33-1) 4220 1390 3950 3410 2814
50 ( G o l d i n 1 x F a i z p u r 1-5)F8
x L . N o . 9 5 A 4270 790 940 3560 4470 2806
3 8 ( X 5 2 - X - X - 3 - B x C h i c o ) 3810 1050 1140 3650 4020 2734
30 ( A h 65 * C h i c o ) 3670 1140 1430 4010 3250 2700
49 ( G a n g a p u r i * L . N o . 9 5 A) 3720 890 1130 3670 4040 2690
3 6 ( T M V 7 x C h i c o ) 3150 1150 1120 4060 3950 2686
53 [ ( H G 1 x EC 76446(292)F8 ) x 
R o b u t 33-1-1-10-3 F 4 ] 3600 900 1050 4350 3130 2606
48 ( F S B 7-5 x L . N o . 9 5 A) 3560 770 1070 3290 4320 2602
C o n t r o l s
C h i c o ( E a r l y source l ine) 1920 270 770 1190 2310 1292
J L 2 4 ( N a t i o n a l ) 3210 690 700 3800 3130 2306
R o b u t 33-1 ( N a t i o n a l ) 3190 780 1090 3480 3460 2400
S E ±355 ±184 ±248 ±349 ±467
T r i a l m e a n (n=33) 3430 850 1080 3510 3620
C V (%) 13 26 28 12 16
1. See T a b l e 10 f o o t n o t e s I a n d 2.
2 . F i g u r e s i n pa ren theses a re d a y s f r o m s o w i n g t o h a r v e s t .
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select ions f r o m interspeci f ic der iva t ives were
g r o w n i n rep l ica ted t r ia ls a t I C R I S A T Cente r
and Bhavan isagar , to c o n f i r m resistance to rust
and late leaf spot , and to character ize the i r ag ro -
n o m i c t ra i ts . Ce r ta i n accessions repor ted to be
resistant to f o l i a r diseases a n d / o r b u d necrosis
disease (A. correntina, Arachis species 30007,
Arachis species 30011 , and Arachis species
30035) were cy togenet ica l ly ana lyzed and used in
the cross ing p r o g r a m .
Cytogenetic Investigations
A f t e r p r e l i m i n a r y k a r y o m o r p h o l o g i c a l analysis
( I C R I S A T A n n u a l R e p o r t 1983, p . 213) new
accessions have been hyb r id i zed w i t h the t w o
k n o w n d i p l o i d species of sect ion Arachis, A.
batizocoi, ( the o n l y representat ive of the B 
genome) and A. cardenasii ( representat ive of the
A genome) . T h e new accessions have also been
hyb r i d i zed as ma le parents w i t h cu l t i va rs of A.
hypogaea ( I C R I S A T A n n u a l R e p o r t 1983,
p.214). F r o m these crosses, we cy to log i ca l l y ana-
lyzed f o u r d i p l o i d and three t r i p l o i d hyb r i ds .
N e a r - n o r m a l b iva len t assoc ia t ion and po l l en fer-
t i l i t y in the F, h y b r i d between A. cardenasii and
Arachis species 30035 (Tab le 30) suggests tha t
the t w o taxa are phy logenet i ca l l y close. A s ign i f -
i can t l y lower f requency o f b iva len t associat ions
and h igher f requency of un iva len ts in the F1
hyb r i ds , A. batizocoi x Arachis species 30017
and Arachis species 30011 x A. batizocoi (Tab le
30), suggests tha t these taxa are d i s tan t l y re lated
to the B genome of sect ion Arachis, In spite of a 
n e a r l y - n o r m a l b iva len t assoc ia t ion , the h y b r i d
between A. cardenasii and Arachis species 30007
had p o o r po l l en f e r t i l i t y i n d i c a t i n g c ryp t i c s t ruc-
t u r a l d i f ferences between the genomes of these
t w o taxa (Tab le 30). H o w e v e r , o n m o r p h o l o g i -
cal and k a r y o m o r p h o l o g i c a l g rounds , Arachis 
species 30007 belongs to sect ion Erectoides. 
T h e c h r o m o s o m e - p a i r i n g behav iou r i n t r i -
p l o i d hyb r i ds between A. hypogaea and the three
d i p l o i d accessions, A rachis species 30069, 30017,
and 30011 (Tab le 31) is c o m p a r a b l e to
p rev ious l y -ob ta ined t r i p l o i d hyb r i ds between A.
hypogaea and the A genome d i p l o i d species,
suggest ing tha t the invest igated d i p l o i d taxa are
cons t i tu ted by the A or a c losely- re la ted genome.
Crosses between a few o ld and new accessions
of sect ion Arachis and A. hypogaea have aga in
been a t temp ted this year in o rde r t o ; o b t a i n t r i -
p l o i d hyb r i ds , est imate the percentage o f i m m a -
ture ovules p roduced because o f i n c o m p a t i b i l i t y
react ions, and determine the p l o i dy levels of seed-
l ings ob ta ined by rescuing such underdeve loped
embryos (Tab le 32).
Production of Breeding Lines
F u r t h e r backcross ing o f backcross der iva t ives ,
or advancement by se l f ing, resul ted in the p r o -
Table 30 . Chromosome association in F1 hybrids between old and new diploid accessions of section Arachis. 
C h r o m o s o m e assoc ia t i on
N o . o f cel ls
ana l yzed
P o l l e n
f e r t i l i t y (%)Cross I I I lll I V
A. batizocoi x Arachis sp 30017
S E
5.5
±0.44
6.6
±0.24
0.3
±0.09
0.1
±0.10
25 -
Arachis sp 30011 x A. batizocoi 5.9 6.9 0 0.1 20 -
S E ±0.55 ±0.29 ±0.05
A. cardenasii x Arachis sp 30035 0.1 9.9 0 0 24 97
S E ±0.08 ±0.04
A. cardenasii x Arachis sp 30007 0.5 9.4 0.1 0.1 25 39-43
S E ±0.17 ±0.22 ±0.11 ±0.04
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Tab le 3 1 . C h r o m o s o m e association in hybrids between A. hypogaea ( 4 x ) and some new dip lo id accessions of
Arachis.
C h r o m o s o m e associat ion
N o . o f cells
ana l yzed
P o l l e n
f e r t i l i t y (%)Cross I 11 lll I V
A. hypogaea x Arachis sp 30069 8.1 9.8 0.5 0.2 14 -
S E ±0.52 ±0.33 ±0.17 ±0.11
A. hypogaea x Arachis sp 30017 6.6 8.9 1.3 0.4 24 8
SE ±0.39 ±0.43 ±0.27 ±0.1
A. hypogaea x Arachis sp 30011 8.4 9.2 0.9 0.1 31 11-30
S E ±0.56 ±0.29 ±0.18 ±0.05
d u c t i o n o f 13 m o r e stable, fe r t i l e , t e t r a p l o i d
in terspec i f ic der iva t ives . Of these 4 were f r o m
the t r i p l o i d - h e x a p l o i d rou te , 8 f r o m the a m p h i -
p l o i d rou te , and 1 f r o m the a u t o t e t r a p l o i d rou te .
S i x t y advanced selections and a large n u m b e r
o f segregat ing selections f r o m in terspec i f ic
der iva t ives i n v o l v i n g A. cardenasii and A. bath 
zocoi x Arachis species G K P 10038 were sown in
the 1982/83 pos t ra i ny season f o r advancement .
T h e y were classi f ied i n t o g roups a c c o r d i n g to
the i r disease react ions and hab i t , and sown a t
I C R I S A T Center and Bhavan isagar . A n e f fo r t
was made to screen o u t undes i rab le segregates,
and t o a t t a i n geno typ ic and pheno t yp i c u n i f o r -
Table 3 2 . N u m b e r of pol l inat ions, percentages of pegs, pods, and seeds developed in crosses between the cultivars
of t w o subspecies of A. hypogaea and wi ld d ip lo id Arachis species, I C R I S A T Center , ra iny season 1984.
Pegs P o d P o d s w i t h I m m a t u r e M a t u r e p o d s Ovu les
P o l l i - f o r m e d set m a t u r e seeds pods w i t h immatu re e m b r y o
- 1
Cross na t i ons (%) (%) (%) (%) ovu les c u l t u r e d
A. hypogaea ssp fastigiata ( S p a n i s h )
Arachis sp 30007 131 33 16 3 0.8 12 25
Arachis sp 30017 153 33 28 21 0.7 7 29
Arachis sp 30035 202 37 29 26 - 3 18'
A. correntina 157 47 24 15 - 9 19
A. batizocoi 125 36 30 2 8 2 56
Arachis sp G K P 1 0 0 3 8 L L 162 35 30 10 6 15 64
A. eardenasii 27 22 22 7 4 11 6
Arachis sp H L K 410 125 30 25 11 2 12 36
A. hypogaea ssp hypogaea ( V i r g i n i a )
Arachis sp 30007 55 49 40 0 - 40 24
Arachis sp 30017 55 46 40 31 6 4 22
Arachis sp 30035 34 44 38 35 - 3 2
A. correntina 29 14 4 0 4 - 2
A. batizocoi 76 36 26 0 - 26 31
A. chacoense 56 39 18 ll 5 2 7
Arachis sp G K P 1 0 0 3 8 L L 44 41 36 2 2 32 29
Arachis sp H L K 410 32 38 31 9 - 22 12
1 . O n e n o r m a l o v u l e d i d n o t s u r v i v e f r o m the c ross I C G S 2 6 x Arachis s p 3 0 0 3 5 .
Groundnut 233
m i t y . Several con t ro l s were used, o f w h i c h t w o
( R o b u t 33-1 and T M V 2 ) are l oca l , h i g h -
y i e l d i ng , released cu l t i va rs , t w o ( E C 76446, N C
Ac 17133 R F ) are repor ted ly - res is tan t g e r m -
p lasm l ines, and one ( F D R S 10) a resistant
b reed ing l ine.
These exper iments resul ted in the select ion o f
28 l ines resistant to b o t h late leaf spot and rus t ,
w i t h c o m p a r a b l e o r h igher y ie ld t h a n the best
con t ro l s a t b o t h loca t ions , three l ines res is tant to
late leaf spo t , and w i t h compa rab le o r h i ghe r
y ie ld t h a n the best c o n t r o l , and a n o t h e r three
l ines w i t h resistance to rust , and c o m p a r a b l e o r
h igher y ie ld t h a n the best c o n t r o l (Tab les 33-35) .
These l ines have expressed e i ther a h ighe r
degree of resistance or a hypersens i t ive r eac t i on
against the t w o pathogens. F o r e x a m p l e , l ines
such as CS 9 , CS 30, 2 4 0 8 / 1 , a n d 8 5 0 / 1 deve-
Table 33 . Disease reaction for leaf spot and rust, and pod and hau lm yields (kg h a
- 1
) of some of the advanced
selections f r o m A. cardenasii interspecific derivatives sown in 8 x 8 lattice designs. I C R I S A T Center and
Bhavanisagar, rainy season 1984.
L a t e leaf spo t score
1 R u s t
score
1
I C R I S A T
P o d y i e l d ( k g ha
- 1
)
H a u l m y ie l d
I C R I S A T
( k g ha-* )I d e n t i t y I C R I S A T B h a v a n i s a g a r I C R I S A T B h a v a n i s a g a r
L ines res is tant to late lea f spo t a n d rus t
C S 9 2.9 4.8 3.0 5040 1070 8230
C S 30 3.4 5.0 2.0 4890 940 10060
C S 22 3.8 5.4 3.0 5010 1240 8680
C S 62 3.5 4.5 2.0 4470 980 8180
C S 31 3.5 4.4 2.0 4580 1280 8630
C S 33 3.7 4.6 1.7 4220 1310 9880
C S 26 3.7 4.0 2.0 4520 1700 8600
C S 36 3.8 5.0 1.4 4430 1400 8690
C S 25 4.7 4.9 2.3 3720 1560 7480
803 5.0 5.3 3.0 4530 1600 7150
L ines res is tant to late lea f spo t
C S 39 4.3 5.0 6.0 3660 890 6760
L ines res is tant to rus t
C S 2 8.0 9.0 1.7 3440 440 5590
C S 14 6.0 7.5 2.3 4490 1070 7200
C S 19
2 7.8 8.6 1.7 2720 490 4840
C o n t r o l s
EC 76446 (292)3 6.0 7.1 2.7 4160 910 7480
N C A c 1 7 1 3 3 - R F
3
6.5 7.4 8.0 4600 760 5680
R o b u t 3 3 - 1
4 9.0 8.9 9.0 2690 390 3260
T M V 2
4 9.0 9.0 9.0 2320 120 3990
S E ±0.4 ±0.4 ±0.7 ±253 ±161 ±522
C V (%) 13.2 9.2 31.2 10.8 28.3 12.1
1. M e a n of f i e l d d isease sco red on a 1-9 sca le , w h e r e 1 = no d isease a n d 9 = 5 0 - 1 0 0 % f o l i a g e d e s t r o y e d .
2. A. hypogaea x (A. batizocoi x Arachis sp G K P 10038) i n t e r s p e c i f i c d e r i v a t i v e s .
3 . R e p o r t e d f o l i a r d isease- res is tan t g e r m p l a s m l i n e .
4 . F o l i a r d i sease-suscep t ib le h i g h - y i e l d i n g re leased c u l t i v a r s .
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Tab le 34 . Disease react ion for late leaf spot and rust, and pod and h a u l m yields (kg h a
- 1
) of some of the best
selections f r o m A. cardenasii interspecific derivatives segregating for leaf spot resistance, sown in 8 * 8 latt ice
designs, I C R I S A T Center and Bhavanisagar, ra iny season 1984.
L a t e lea f spo t score
1 R u s t
score
1
I C R I S A T
P o d y ie ld ( k g ha
- 1
)
H a u l m y i e l d
I C R I S A T
( k g h a
- 1
)I d e n t i t y I C R I S A T B h a v a n i s a g a r I C R I S A T Bhavan i saga r
L ines res is tant t o rus t a n d la te lea f spo t
820 4.3 4.3 2.7 5020 1670 7780
2245 4.2 4.8 1.9 4050 1100 7410
838 5.0 4.4 2.5 4240 1100 7110
2403 3.3 5.6 1.6 3600 1150 6150
8 8 6 / 1 4.1 5.7 2.1 3510 1310 7780
8 2 0 / 1 3.5 4.6 2.7 4100 1430 6450
2133 3.6 5.3 3.9 4710 1160 6300
848 3.8 4.1 2.2 3700 980 8000
2 4 0 4 / 2 4.1 5.0 3.6 3980 1420 6670
2 1 1 8 / 1 4.6 4.7 5.1 3710 1200 8150
L ines res is tant to rus t
888 5.3 6.0 2.3 3530 780 8000
C o n t r o l s
E C 76446(292)2 6.7 8.1 2.5 2310 1060 5930
N C A c 1 7 1 3 3 - R F
2 6.3 7.1 6.6 3850 690 5260
R o b u t 3 3 - 1
3 9.0 9.0 9.0 2440 390 3260
T M V 2
3 8.9 9.0 9.0 1680 230 7110
S E ±0.4 ±0.3 ±0.6 ±367 ±155 ±1075
C V (%) 10.8 8.5 23.4 18.5 25.3 21.5
1. M e a n of f i e l d d isease sco red on a 1-9 sca le , w h e r e 1 = no d isease, a n d 9 = 5 0 - 1 0 0 % f o l i a g e d e s t r o y e d .
2 . R e p o r t e d f o l i a r d i sease- res is tan t g e r m p l a s m l ines .
3 . F o l i a r d i sease-suscep t ib le h i g h - y i e l d i n g re leased c u l t i v a r s .
l oped a few smal l late leaf spot lesions w i t h p o o r
s p o r u l a t i o n and n o d e f o l i a t i o n . O n the o the r
h a n d , l ines such as CS 2, CS 19, 845, 2403,
8 8 6 / 1 , and 888 had very few sma l l n o n s p o r u l a t -
ing rust pustu les. We are a t t e m p t i n g to charac-
terize these l ines f o r en t ry in the A l l I n d i a
C o o r d i n a t e d Research Pro jec t on Oilseeds
( A I C O R P O ) t r ia ls o r f o r release as new g e r m -
p lasm l ines.
Barriers to Hybr id izat ion
F o u r A . hypogaea cu l t i va rs , R o b u t 3 3 - 1 , M K
374, T M V 2, and M 13 were used as female
parents in crosses w i t h ce r ta in accessions o f sec-
t i o n Rhizomatosae. These crosses were in c o n -
j u n c t i o n w i t h s ingle- o r sequent ia l - h o r m o n e
app l i ca t i ons . F r o m the pods o b t a i n e d , ovules
were cu l t u red on l i q u i d med ia (Tab le 36) , and
later the embryos f r o m t h e m were dissected f o r
cu l tu re (Tab le 37). T h e dissected embryos o f ten
p ro l i f e ra ted i n t o cal lus and deve loped shoots .
We successful ly g ra f ted these sma l l shoots o n t o
cu l t i va ted g r o u n d n u t seedl ing s tocks. S o m e o f
the cu l t u red ovules a l l owed p re fe ren t ia l g r o w t h
o f the embryos w i t h i n t h e m , a n d the consequen-
t i a l emergence and g r o w t h o f the la t te r ou t o f the
ovules.
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Tab le 35, Disease reaction for late leaf spot and rust, and pod and hau lm yields (kg h a
- 1
) of some of the best
selections f r o m segregating populat ions of A. cardenasii derivatives sown in 8 x 8 tr iple lattice designs. I C R I S A T
Center and Bhavanisagar, rainy season 1984.
La te leaf spot score
1 Rus t
score
1
I C R I S A T
P o d y i e l d ( k g ha
- 1
)
H a u l m y ie ld
I C R I S A T
( k g ha
- 1
)I d e n t i t y I C R I S A T Bhavan isaga r I C R I S A T Bhavan i saga r
L ines res is tant to rus t a n d late leaf spot
8 5 0 / 1 4.7 5.0 2.0 4990 1420 7310
2 4 0 8 / 1 4.3 5.4 2.7 5230 1220 6410
856 4.7 5.0 2.7 4640 1270 5460
8 2 1 / 1 4.9 5.0 2.7 3280 1340 7340
965 4.7 5.7 2.0 4580 1220 6470
2241 4.7 5.7 2.3 3800 940 7360
799 4.9 5.7 2.3 3990 1090 7190
845 4.8 5.3 2.3 4740 930 6100
L ines res is tant to late leaf spot
943 4.4 4.7 7.3 2850 1180 5430
C o n t r o l s
E C 76446 (292)
2 6.6 8.2 3.3 4110 700 4110
N C A c 1 7 1 3 3 - R F
2 7.6 8.2 7.0 4810 720 4060
F D R S 10
3 8.0 8.0 4.0 4310 570 6010
R o b u t 3 3 - 1
3 8.8 9.0 8.7 3500 360 2140
T M V 2
3 8.7 8.8 8.7 2500 160 3720
SE ±0.4 ±0.4 ±0.7 ±322 ±133 ±696
C V (%) 12.0 9.0 20.1 14.5 25.7 21.0
1. M e a n of f i e l d disease sco red on a 1-9 scale, w h e r e 1 = no d isease, a n d 9 = 5 0 - 1 0 0 % f o l i a g e d e s t r o y e d .
2 . R e p o r t e d f o l i a r d isease- res is tan t g e r m p l a s m l ines .
3 . F o l i a r d i sease-suscep t ib le h i g h - y i e l d i n g re leased c u l t i v a r s .
Table 36 . N u m b e r of pods harvested, ovules cultured, and responsive ovules f r o m A rachis hypogaea x Arachis sp
10563.
C u l t u r e d ovules
P o d s
1
Ovu les c u l t u r e d lost due to Respons ive
C u l t i v a r harves ted i n l i q u i d m e d i u m c o n t a m i n a t i o n ovu les
A. hypogaea 
M K 374 419 449 157 130
M 13 52 93 18 11
T M V 2 264 277 55 114
R o b u t 33-1 14 16 3 5
1 . F r o m v a r i o u s h o r m o n e a p p l i c a t i o n s .
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Table 37 . N u m b e r of embryos dissected f r o m ovules
precultured on l iquid media , and number of respon-
sive embryos (on M S wi th N A A 0.5 m g L
- 1
 and B A P
0.5 m g L
- 1
) f r o m Arachis hypogaea x Arachis sp
10563.
E m b r y o s
E m b r y o s lost due to E m b r y o s
C u l t i v a r c u l t u r e d c o n t a m i n a t i o n g r o w i n g
M K 374 147 14 76
T M V 2 86 17 26
R o b u t 33-1 34 3 13
Pegs ob ta ined f r o m g ibbere l l i n - t rea ted R o b u t
33-1 x A. p u s i l l a crosses were ret reated w i t h f i ve
concen t ra t ions o f i n d o l y l acetic ac id on d i f fe ren t
days af ter p o l l i n a t i o n , bu t p o d set was no t
sat is fac tory .
A t t e m p t s were also made to use t w o acces-
sions, Arachis species 9797 and Arachis species
10563 of sect ion Rhizomatosae as female par -
ents, and A. hypogaea cv MK 374 as a male
paren t . Pegs and pods were recorded w i t h or
w i t h o u t the g ibbere l l i n app l i ca t i ons . T a b l e 38
shows tha t even in these crosses g ibbere l l i n
app l i ca t i on p romo tes peg and p o d deve lopment .
We cu l t u red the resu l t ing i m m a t u r e ovules.
Distr ibut ion of Mate r ia l
T h e in terspeci f ic der ivat ives are in great
d e m a n d . We have suppl ied several l ines on
Table 38 . Peg and pod product ion in Arachis sp 9797
(section Rhizomatosae) x A. hypogaea cv MK 374.
P o s t p o l l i n a t i o n Pods
t r e a t m e n t Po l l i na t ions Pegs peg- '
N o n e 43 3 0
G i b b e r e l l i c ac i d
(87.5 m g L
- 1
) 181 33 15.15
G i b b e r e l l i c a c i d
(44 m g L
- 1
) 27 3 0
K i n e t i n (10 m g L
- 1
) 27 2 0
N a p h t h a l e n e acet ic ac id
(25 m g L
- 1
) 28 3 3
request to three centers in the Peoples ' R e p u b l i c
o f C h i n a , and to one center each in Peru and the
U S A . A select ion, CS 30, has been supp l ied to
A I C O R P O f o r use i n the i r rust-resistance b reed-
ing p r o g r a m . I C R I S A T breeders are also us ing
several o f these l ines in var ious pro jects .
I n t e r n a t i o n a l C o o p e r a t i o n
C o o p e r a t i o n w i t h A I C O R P O
Coordinated Yield Trials
I C R I S A T Center trials. D u r i n g the 1984 ra iny
season we conduc ted n ine y ie ld t r ia ls , sponsored
b y A I C O R P O , o n A l f i so l s a t I C R I S A T Center .
There were 28 entr ies in the I n i t i a l E v a l u a t i o n
T r i a l fo r Spanish bunch cu l t i vars ( I E T - S B ) , and
the I C R I S A T en t ry I C G C ( P R S ) 1 was ranked
1st, y i e l d i ng 1823 kg pods ha
- 1
, compa red to the
na t i ona l c o n t r o l JL 24 tha t y ie lded 1227 kg ha
- 1
.
I n the I E T f o r Vi rg in ia b u n c h cu l t i vars ( I E T - V B )
f o u r cu l t i va rs , i n c l u d i n g three I C R I S A T entr ies,
I C G ( P R S ) 3 , I C G S 66, and I C G S 50, ou ty ie lded
a l l three con t ro l s . I C G 2 2 7 1 , a mu l t i p le -pes t re-
sistant en t r y , was the highest y ie lder (2384 kg
ha
- 1
) i n the I E T f o r V i rg in ia r unne r cu l t i va rs
( I E T - V R ) .
I C G S 31 gave the highest y ie ld in the C o o r d i -
nated Va r i e ta l T r i a l f o r Spanish b u n c h cu l t i va rs
( C V T - S B ) , s ign i f i can t l y o u t y i e l d i n g the n a t i o n a l
c o n t r o l , J L 24 , bu t no t the loca l c o n t r o l , R o b u t
3 3 - 1 . I C G S 56 gave the highest y ie ld in the C V T
f o r V i rg in ia b u n c h cu l t i vars ( C V T - V B ) , bu t was
n o t s ign i f i can t l y better t han the m i n i k i t c o n t r o l ,
C 198. I C G S 6 was the h ighes t -y ie ld ing en t r y in
the N a t i o n a l E l i te T r i a l f o r V i rg in ia bunch cu l t i v -
ars ( N E T - V B ) , s ign i f i can t l y o u t y i e l d i n g the m i n -
i k i t c o n t r o l cu l t i va r C 198. In the F o l i a r Diseases
Resistant V a r i e t a l T r i a l ( F D R V T ) e ight I C R I -
S A T l ines were the t o p y ie lders. I C G ( F D R S ) 11
yie lded 1823 kg ha
- 1
 compa red to 868 kg ha
- 1
 by
J L 24, and 1487 k g h a
- 1
b y R o b u t 3 3 - 1 .
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Mult i locat ional Trials
Rainy-season trials. D u r i n g the 1983 ra iny
season I C G S lines were tested in the A I C O R P O
tr ia ls systems in var ious eco log ica l zones. Sev-
era l l ines were p r o m o t e d to the nex t stage o f
test ing and many new entr ies were s u b m i t t e d f o r
the 1984 ra iny season a t the A I C O R P O W o r k -
shop he ld a t C o i m b a t o r e i n A p r i l . T h e cu r ren t
status o f I C R I S A T ma te r i a l i n the A I C O R P O
rainy-season system is s h o w n in T a b l e 39.
Table 39 . Current status o f I C R I S A T entries in
A I C O R P O rainy season zones, 1984.
T r i a l
1
E n t r y Z o n e
l E T ( V B ) I C G S 54,56 1
I C G S 50,54,56 4
I C G S 50,54
I C G S 62,63,64,65,66,
5
I C G S P R S 3 1 , 2 , 3 , 4 , 5, 6 
C V T ( V B ) I C G S 18,20,46,47,49 1
I C G S 48,49 3
I C G S 18,49 4
I C G S 46,47,56 5
I C G S 46,48 6
N E T ( V B ) I C G S 4,5,6 1,5
I C G S 4,6 4
I E T ( S B ) I C G S 35-1 1, 4 , 6 
I C G S 44-1 1,2,3,4
I C G S 5 7 4,5
I C G S 5 1 5
I C G S P R S 1,2, I C G S 67 1,2,3,4,5,6
C V T ( S B ) I C G S 2,3 1
I C G S 11 1,2
I C G S 2 1 2
I C G S 2 6 4,5
I C G S 30,35-1 2,5
I C G S 44-1 5,6
I C G S 5 1 2,3,4
I C G S 5 7 1
N E T ( S B ) I C G S 1 1
1 . I E T = I n i t i a l E v a l u a t i o n T r i a l
C V T = C o o r d i n a t e d V a r i e t a l T r i a l
N E T = N a t i o n a l E l i t e T r i a l
SB = Span ish b u n c h
V B = V i r g i n i a b u n c h .
Postrainy-season trials. I C G S 11 p e r f o r m e d
we l l in i t 's f i rs t year o f m i n i k i t (prerelease) test-
i ng and was reta ined f o r a f i n a l eva lua t i on in the
1983/84 pos t ra iny season in Zones 3 a n d 5. I t
gave y ie ld increases over S B - X I ( n a t i o n a l c o n -
t r o l ) i n 1982/83 r a n g i n g f r o m 16 to 110% in Z o n e
3 . In the C V T s in Z o n e 2 I C G S 44 was o u t s t a n d -
i ng , and a l o n g w i t h I C G S 2 1 , was p r o m o t e d t o
the N a t i o n a l E l i te T r i a l ( N E T ) . I C R I S A T
entr ies in the C V T were r a n k e d 1st and 2 n d , i n
Z o n e 2 , 2 n d in Z o n e 3 ,1 s t and 2 n d in Z o n e 5 , and
1st, 2 n d , a n d 3 rd i n Z o n e 6 . I n the N E T , I C R I -
S A T entr ies were r anked 3 rd in Z o n e 2 , 1st, 2 n d ,
and 3 rd in Z o n e 3, 2nd and 3 rd in Z o n e 5, and 1 s t
and 3rd in Z o n e 6 .
T h e cu r ren t status o f I C R I S A T ' s ma te r i a l i n
the A I C O R P O post ra iny-season tes t ing i s
s h o w n in Tab le 40.
Distr ibut ion of Breeding M a t e r i a l and Trials
We again d ispatched b reed ing l ines to coope ra -
tors i n m a n y count r ies . D u r i n g the year we f i n a l -
ized plans and entr ies fo r three new i n t e r n a t i o n a l
t r ia ls i n v o l v i n g e a r l y - m a t u r i n g l ines, large-
seeded con fec t ionery cu l t i va rs , a n d advanced
breed ing lines w i t h resistance to f o l i a r diseases.
Table 40 . Current status o f I C R I S A T entries in
A I C O R P O postrainy ( r a b i / s u m m e r ) season tr ials,
1983 /84 .
T r i a l E n t r y
1
Z o n e
l E T ( S e t I I ) I C G P S 8 1,2,3,4,5,6
I C G S 68 1,2,3,4,5,6
I C G S 7 1 1,2,3,5
I C G S 75,77 1,2,3,4,5,6
I C G S 8 1 1,2,3,5,6
I C G S 8 2 1,2,3,4,5,6
C V T I C G S 21,44 3,4,5,6
N E T I C G S 21,44 2
M i n i k i t I C G S 11 3,5
1 . A l l p o s t r a i n y en t r ies a re S B ( s p a n i s h b u n c h t ypes ) .
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R e g i o n a l P r o g r a m for S o u t h e r n
A f r i c a
The I C R I S A T Reg iona l G r o u n d n u t I m p r o v e -
ment P r o g r a m f o r S o u t h e r n A f r i c a , based a t
the Chi tedze A g r i c u l t u r a l Research S t a t i o n ,
L i l o n g w e , M a l a w i was establ ished in 1982 w i t h
one p lant breeder. A pa tho log is t was recru i ted in
1984. T h e p r o g r a m aims to develop h i g h -
y ie ld ing breed ing lines and popu la t i ons adapted
to the reg ion , w i t h resistance to fac tors l i m i t i n g
p r o d u c t i o n by smal l scale fa rmers . Breed ing f o r
resistance to the m a j o r diseases in the reg ion
receives t o p p r i o r i t y .
Weather at Chitedze. Ra in fa l l was very s im i la r
to the 1982/83 season, 683 mm f r o m December
1983 to M a y 1984, bu t this year the d i s t r i b u t i o n
was less favorab le . Rains were later , and there
were character is t ic d r y spells in Janua ry , the
lat ter ha l f o f M a r c h , and f r o m 4 t h A p r i l o n w -
ards. T o t a l ra in fa l l i n A p r i l was on l y 13.1 mm
compared to 42.5 mm in the prev ious season.
Growing conditions. Soi ls in the g r o u n d n u t
f ields were sampled in June 1983. T h e pH was
5.5 and avai lab le phosphorus was l o w (3.58
ppm) . In the absence o f d o l o m i t i c l ime , on l y
P 2 O 5 at 40 kg ha
- 1
 and gypsum at 400 kg ha
- 1
were app l ied . A l a c h l o r (Lasso
®
) , app l ied before
emergence at 4 L ha"
1
, gave good weed c o n t r o l
f o r a p p r o x i m a t e l y 30 days. O n l y the h y b r i d i z a -
t i on b lock and F, p lants received s tandard p lan t
p ro tec t i on measures to c o n t r o l aph ids and leaf
spots. A l l t r ia ls were sown on 60 cm ridges a t an
i n - r o w spacing of 10 c m .
Diseases a n d Pests
Fungal Diseases
Disease deve lopment was s im i la r in the 1983/84
and 1982/83 seasons. Ea r l y leaf spot appeared 2 
weeks af ter emergence and rap id l y assumed ep i -
demic p r o p o r t i o n s . T h e incidence o f rust and
late leaf spot was l o w and they on l y appeared
later , w h e n ear ly leaf spot had a l ready caused
heavy de fo l i a t i on .
Groundnut plants devastated by early leaf spot (Cer-
cospora arachidicola) infection, B v u m b w e , M a l a w i ,
1983 /84 .
Early leaf spot (Cercospora arachidicola). Us-
ing the t rap p lants f r o m o u r rosette s tudy (see
V i rus Diseases) we f o u n d tha t spore levels were
l o w to very l o w u n t i l 20 F e b r u a r y , some 40 days
after f ie ld emergence of the c r o p . A f t e r a rela-
t ive ly sma l l increase in lesions on exposed p lan ts
there was a sudden and d rama t i c increase f o l -
l o w i n g a per iod of ra in . A peak was reached
between 2-6 M a r c h . There f o l l o w e d an equa l ly
d rama t i c decl ine, poss ib ly f o l l o w i n g massive
de fo l i a t i on o f the f i e l d - g r o w n c r o p . T h i s m o n i -
t o r i n g cou ld lead to a m o r e r a t i o n a l a p p r o a c h to
fung ic ide app l i ca t i on .
Late leaf spot (Cercosporidium personatum)
and rust (Puccinia arachidis). These diseases
were f i rs t recorded in ear ly M a r c h a t very l o w
levels. La te leaf spot levels rema ined l o w
t h r o u g h o u t the season but rust reached h igher
levels, 36 pustules p lant "
1
, d u r i n g exposure
between 19-24 A p r i l . T h e late b u i l d - u p o f rus t , as
the p lants near m a t u r i t y , con f i rms the general
v iew tha t rust is no t a p r o b l e m on the L i l o n g w e
P la i n .
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Virus Diseases
Rosette cultures. T y p i c a l ch lo ro t i c rosette was
col lected f r o m the f ie ld and a cu l tu re was estab-
l ished in the greenhouse on the cu l t i va r Span -
cross. An ef f ic ient cu l tu re o f the vector , Aphis 
cracc ivora, was also establ ished and s im i la r l y
ma in ta i ned . A cu l tu re of non -v i ru l i f e rous aph ids
was der ived and ma in ta ined in i so la t i on . We
obta ined a series of s tandard v i rus - ind i ca to r
p lants t h r o u g h o f f i c ia l p lan t qua ran t i ne chan -
nels. G e r m i n a t i o n was general ly good bu t N i c o -
tiana benthamiana and Chenopodium amar-
anticolor, d iagnost ic test-plant hosts of rosette,
p roved d i f f i cu l t t o ma in ta i n sat is factor i ly , p r o b -
ab ly due to h igh greenhouse temperatures.
E f fo r ts are be ing made to overcome these
prob lems.
Disease monitoring. We assessed the feas ib i l -
i t y o f us ing bai t o r t rap p lants to m o n i t o r disease
presence, deve lopment , and in tensi ty t h r o u g h -
out the g r o w i n g season. Ten 21-day o ld
greenhouse-grown Spancross seedlings were
exposed in the f ie ld every 3 to 5 days between 30
January and 25 June 1984. N u m b e r s of A. cracci-
vora alates, apterae, and nymphs were recorded
at the end of each exposure pe r i od , the plants
were then sprayed w i t h insecticide and re turned
to the greenhouse. They were subsequent ly
scored f o r rosette and P M V .
A p h i d s were consistent ly f o u n d on the
exposed plants t h r o u g h o u t Feb rua ry and
M a r c h , bu t the numbers then decl ined sharp ly
and in fes ta t ion became sporadic. T h e highest
numbers were recorded f r o m 30 Janua ry to 16
February . T w o m i n o r peaks occurred f r o m 12 to
29 M a r c h , and 24 A p r i l to 7 M a y . T h e lat ter
per iod p robab l y co inc ided w i t h em ig ra t i on f r o m
the ma tu re g r o u n d n u t c rop to o ther hosts.
Analysis of seasonal epidemics. A l t h o u g h
rosette is i m p o r t a n t t h r o u g h o u t the reg ion , dev-
asta t ing epidemics are sporadic. We cannot
therefore rely on na tu ra l incidence fo r annua l
screening. La te sowing enhances incidence, bu t
n o t suf f ic ient ly in years when in fec t ion levels are
very l ow . We therefore carefu l ly m o n i t o r e d d is-
ease incidence d u r i n g the g r o w i n g season to bet-
ter unders tand features of na tu ra l occurrence.
Three con t iguous p lo ts , each measur ing 200 * 85
m w i t h the i r l ong axes a l igned east-west, were
subd iv ided i n t o 6 x 6 m p lots to give some 400
plots b lock
- 1
. S o w i n g t o o k place in the m idd le o f
December and plants emerged f r o m 28-31
December. Rosette was f i rs t recorded on 18 J a n -
uary and observat ions ind icated on ly 12 p r i m a r y
infect ions, represent ing 10 p r i m a r y f oc i . T h e
p r i m a r y foc i were scattered and appeared to be
at r a n d o m . Overa l l incidence of rosette was
abou t 1% in 1983/84. The mean rosette i n c i -
dence fo r p lots con ta in ing a p r i m a r y incidence
was 38.3%, f o r adjacent p lots 6.3%, and f o r ou ter
plots 0.4%. Disease gradients associated w i t h
p r i m a r y foc i were therefore except iona l l y steep,
fa l l i ng o f f by a mean fac tor of abou t 6 w i t h i n a 
radius of 6 m of tha t source, and by a mean
fac tor of abou t 100 w i t h i n a rad ius of 9 m f r o m
the source.
Seasonal origins. We started to s tudy w i l d
hosts of A. craccivora as possible reservoirs of
the v i rus . F ive i m p o r t a n t aph id hosts and nine
other species, a l l herbaceous or w o o d y herba-
ceous p lants , were shown not to be hosts of the
v i rus . The search has n o w shi f ted to tree species.
A reg iona l p r o g r a m has been in i t ia ted to s tudy
the ecology of the vector and v i rus . T w o sites
have been chosen to s tudy in deta i l the effects of
d i rec t ion and speed of local surface w inds and
upper- level a i r f lows on vector m ig ra t ions .
A n o t h e r cooperat ive p r o g r a m w i l l s tudy the role
o f g r o u n d n u t vo lunteer p lants su rv iv ing the d ry
season in rosette carry-over . No vo lunteer p lants
were f o u n d in a l im i ted survey carr ied ou t in the
southern reg ion o f M a l a w i .
Peanut mottle virus ( P M V ) . In fec t ions on t rap
plants t ook place between 13 Februa ry and 15
M a r c h . The overa l l incidence on t rap plants was
8%, h igher than on the s tand ing f ie ld c rop . Th is
is possib ly because y o u n g t rap plants are mo re
susceptible to the v i rus , more a t t rac t ive to the
vector , or mere ly express symptoms more read-
i ly t han o lder p lants .
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Insect Pests
Hilda patruelis. Hilda is a po l yphagous suck-
ing bug associated w i t h a severe w i l t in g r o u n d -
nu t . The pest is present t h r o u g h o u t the reg ion
and a l t h o u g h the incidence of w i l t is genera l ly
l o w , there are areas where devasta t ing loca l
damage occurs. I t has been assumed tha t Fusa-
rium spp enter feeding punctures and cause the
w i l t i n g s y m p t o m . We made l a b o r a t o r y tests on
the effects of Hilda feeding on g e r m i n a t i n g seed-
l ings, g r o w n in petr i -d ishes. F o u r to six insects
were in t roduced i n t o the dishes when the radicles
were 4-5 cm l ong . A f t e r 5 days, c o n t r o l seedlings
were g r o w i n g n o r m a l l y but p lants fed on by
Hilda showed a d rama t i c and massive col lapse
of tissue 1-2 cm be low the h y p o c o t y l . Ex i s t i ng
latera l roots were d isco lored and m a n y c o l -
lapsed. G r o w t h o f new la tera l roo ts was i n h i -
b i ted . The tests were repeated w i t h the same
results. F u r t h e r studies are in progress.
Plant Improvement
Germplasm Accessions
We recieved 108 new i n t r o d u c t i o n s , mos t l y of
Sou th A m e r i c a n o r i g i n f r o m I C R I S A T Center ,
and we evaluated t h e m , together w i t h 162
prev ious ly - i n t roduced l ines, in non- rep l i ca ted
plots w i t h repeated con t ro ls o f s ix s tandard c u l -
t ivars f r o m the reg ion , M a n i P in ta r , Egret , R G
1, S A C 58, C h a l i m b a n a , and Spancross; and
three cu l t i vars f r o m I n d i a , J 11 , JL 24, and
R o b u t 3 3 - 1 . O f the 270 entr ies, 70 y ie lded m o r e
t h a n the h ighest -y ie ld ing c o n t r o l . O f these 70 ,38
were Vi rg in ia types, and 32 were e a r l y - m a t u r i n g
Spanish and Valencia types. M a n y entr ies had a 
100-seed mass greater t han 50 g, and i f they
m a i n t a i n the i r pe r fo rmance , w i l l have ready
acceptab i l i t y , pa r t i cu la r l y f o r con fec t ionery p u r -
poses. We rated entr ies v isua l ly f o r ear ly leaf
spot , bu t they were a l l heav i ly de fo l ia ted before
harvest. We evaluated m o r p h o l o g i c a l t ra i t s ,
assigned I C R I S A T G r o u n d n u t M a l a w i ( I C G M )
numbers to entr ies, and entered t hem in the
germp lasm register.
F i f t y -one ge rmp lasm l ines and el i te parents ,
selected on the i r 1982/83 p e r f o r m a n c e , were
evaluated w i t h s tandard con t ro l s . F i ve Spanish
entr ies, I C G M 286, 2 8 1 , 284, 177, and 197 s ign i f -
i can t l y ou ty ie lded Sel l ie, the h ighes t -y ie ld ing
Spanish cu l t i va r . The i r y ie lds, however , were n o t
s ign i f i cant ly d i f fe rent f r o m tha t o f the h ighest -
y ie ld ing Vi rg in ia c o n t r o l cu l t i va r , Egre t . T h e Vir -
g in ia cu l t ivars I C G M 285 and I C G M 336
s ign i f i can t ly ou ty ie lded M a n i P i n t a r , a r e c o m -
mended Vi rg in ia cu l t i va r i n M a l a w i . I C G M 336,
177, and 197 had also y ie lded we l l in the 1982/83
t r i a l .
U n d e r Ch i tedze cond i t i ons the cu l t i va r C h i c o ,
used extensively at I C R I S A T Center as a very
ea r l y -ma tu r i ng parent , t o o k 5-7 days longer to
ma tu re t han o ther Spanish types.
F o r the 1984/85 season, new cu l t i va rs a n d 21
w i l d Arachis species w i l l be eva lua ted . I C G M
lines and 54 pest- and disease-resistant l ines are
be ing m u l t i p l i e d f o r seed increase. We sowed a 
53-ent ry repl icated p r e l i m i n a r y , and a 24-en t ry
advanced ge rmp lasm eva lua t i on t r i a l . A n el i te
ge rmp lasm t r i a l , cons is t ing of the best 24 entr ies
f r o m the advanced t r i a l and 12 c o n t r o l cu l t i va rs ,
was also p lan ted .
Hybr id izat ion
Nine ty -s i x crosses, i n v o l v i n g ind igenous and
exot ic cu l t i va rs , were a t tempted in t w o d i f fe ren t
sets in the f ie ld. Parents inc luded roset te-
resistant cu l t i vars R G 1 , R M P 93, and R R I 6 ;
fo l i a r disease-resistant selections 1 C G M S 27 and
28; and a larger-seeded cu l t i va r , E 8 7 9 / 6 / 4 . T h e
l o w crossing success rate o f 8 .4% was a t t r i b u t e d
to the d r y weather and p lan t deaths f o l l o w i n g
at tack by Hilda patruelis. E f fec t ive ra in fa l l
ceased in the m i d d l e o f M a r c h and led to the
fa i lu re o f pod deve lopment i n m a n y o f the hy -
b r i d pegs. Access to an i r r i g a t i o n fac i l i t y w o u l d
have cons iderab ly i m p r o v e d the s i t ua t i on .
An average cross ing success rate o f 2 4 % was
achieved in a greenhouse crossing p r o g r a m w h e n
a 6 x 6 d ia l le l was a t tempted us ing roset te-
resistant l ines and h igh -y ie ld ing suscept ible
entr ies. Seeds cross
-1
 ranged f r o m 3 to 69.
In the 1984/85 season we w i l l a t t emp t 132
crosses in the f i e ld , and 76 in the greenhouse.
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Breeding for Disease Resistance
Fol iar fungal diseases. Breed ing popu la t i ons
were screened v isua l ly under heavy n a t u r a l levels
o f i n o c u l u m w i t h o u t in fec tor rows o r specif ic
sow ing ar rangements , f o r the i r react ions to ear ly
leaf spot .
A l l popu la t i ons were ra ted as suscept ible to
ear ly leaf spot bu t f o u r interspeci f ic der ivat ives,
C G St. 17 B 2 4 / 1 , C G St. 17 B 2 4 / 3 , CS 15, and
CS 19 reta ined s ign i f i cant ly mo re leaves t han
other entr ies. Selections were therefore made f o r
h igh y ie ld and super ior pod character ist ics under
h igh disease pressure. F r o m the 226 popu la t i ons
screened, we made 91 s ingle-p lant and 181 b u l k
selections. M o s t of the selections were Spanish
types.
Rus t - and late leaf spot-resistant popu la t i ons
were on l y evaluated f o r y ie ld a t Ch i tedze
because of l o w disease pressure.
T w e n t y Phoma arachidicola-resistant breed-
ing lines were ob ta ined f r o m Z i m b a b w e where
the disease is serious. As P. arachidicola is n o t a 
serious p r o b l e m at Ch i tedze, the entr ies were
o n l y subjected to heavy na tu ra l ear ly leaf spot
pressure. The lines were v igo rous , and t o o k 140
to 157 days to matu re . They were also ta l l and
some had lodged at harvest. Ho w ev e r , fo l iage
retent ion was good compared to o ther ma te r i a l
and 5 s ingle-plant selections and 15 b u l k selec-
t ions were made f r o m 14 of the l ines. T h e
rema in ing 6 lines were rejected because of p o o r
y ie ld . The l ine P 8 4 / 6 / 2 0 was ou ts tand ing , one
single-plant selection had 99 pods.
Table 4 1 . Yields (kg ha
- 1
) o f Spanish bunch type cultivars, I C R I S A T Southern Afr ican Cooperat ive Regional
Y ie ld T r i a l , 1983 /84 .
P o d y ie ld ( k g ha
- 1
)
M a l a w i Mozambique Z a m b i a Z i m b a b w e
Pedigree Ch i tedze L u p e m b e Sab ie
1
M s e k e r a M a g o y e G w e b i M e a n
1 C G M S 5 1660 1540 1180 2240 1710 3290 2096
I C G M S 6 1800 1140 1330 1630 1360 3290 1840
I C G M S 1 1 1380 1850 1310 2100 1920 3510 2150
I C G M S 1 2 1440 1660 1180 1880 1500 2960 1890
I C G M S 13 1350 1400 1410 1780 1710 3320 1910
I C G M S 1 4 1280 1800 1340 1690 1830 2860 1890
I C G M S 2 1 1560 1410 1170 1860 2110 2360 1860
I C G M S 2 3 1760 1190 1220 2010 1210 2820 1800
I C G M S 2 8 1550 1230 1280 1960 1350 3270 1870
I C G M S 3 1 1800 1420 1740 1670 1070 4110 2010
I C G M S 3 3 1730 1610 1180 1840 1860 3120 2030
C o n t r o l s
M a l i m b a 1460 1540 - - - - -
Spancross 1380 1440 - - - - -
S t a r r - - 1050 - - - -
C o m e t - - - 1830 1830 - -
P love r - - - - - 2690 -
Va lenc ia R2 - - - - - 4010 -
S E ±88 ±113 - ±114 ±223 ±159 -
T r i a l m e a n (n=36) - 1500 1360 - 1850 1560 2580
C V (%) 12 17 - 12 28 12 -
1 . N o t a n a l y z e d o r i n c l u d e d i n o v e r a l l m e a n .
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Aspergillusflavus. Fou r teen F6 and F7 p o p u l a -
t ions , i n v o l v i n g the resistant parents PI 337409
and P I 337394 F , were ob ta ined f r o m I C R I S A T
Center in 1982, and advanced by s ing le-pod des-
cent, w i t h o u t any select ion, f o r sow ing in
1983/84. F o u r s ing le-p lant and 12 bu l k selec-
t ions were made on y ie ld a t t r ibu tes in 11 of the
popu la t i ons , and 3 popu la t i ons were d iscarded.
Virus diseases: rosette. Fo r t y -e igh t i n d i v i d u a l
p lants and bu lks f r o m the interspeci f ic ma te r ia l
no t af fected by rosette last season were p rogeny
rowed in 1983/84. Th i r t y -e i gh t selections p roved
to be susceptible and f r o m the o thers , we selected
f ive apparen t l y disease-free and h igh -y ie l d i ng
i n d i v i d u a l p lan ts , and f ive bu lks . F i f t y - t w o F 1
plants f r o m crosses o f resistant and suscept ib le
parents were g r o w n under pro tec ted cond i t i ons
as rosette resistance is a recessive character . T w o
F1s were rejected as selfs and the rema inde r were
harvested and w i l l be g r o w n in the 1984/85
season.
Breeding for H i g h Yield and Quali ty
Breeding material . We grew 47 F 1s w i t h the i r
parents in the f i e l d , assessed 550 F 2 to F 1 1 p o p u -
la t ions , and d iscarded 270. F r o m the rema inder ,
we made 153 s ingle-p lant selections and 359 new
bulks on v isua l characters. Seven Spanish, and
one Vi rg in ia select ion, w i t h suf f ic ient seed, were
ea rmarked fo r i nc lus ion in the 1984/85 y ie ld
t r ia l s .
Yield trials. We sowed seven rep l ica ted y ie ld
t r ia ls i n c l u d i n g an F 2 y ie ld t r i a l , an F 2 l ine x 
Table 4 2 . P o d yields (kg ha
- 1
) o f Virginia bunch-type cultivars, l C R I S A T Southern A f r i can Cooperat ive Regional
Yie ld T r i a l , 1 9 8 3 / 8 4 .
P o d y ie ld ( k g ha
- 1
)
M a l a w i M o z a m b i q u e
Z a m b i a
Z i m b a b w e
M s e k e r a
G o l d e n
V a l l e yPedigree Ch i tedze M e r u N a m i a l o
1
G w e b i M e a n
I C G M S 3 5 1660 1690 560 2110 1370 2060 1780
I C G M S 3 8 1370 2250 880 1700 1160 2340 1770
I C G M S 3 9 1690 2040 520 2020 1230 1860 1770
I C G M S 4 0 1360 1590 740 950 1220 2500 1820
I C G M S 4 2 2650 2490 630 1800 1380 3560 2520
I C G M S 4 3 1790 2340 590 1260 1660 3270 2170
I C G M S 4 5 1620 3330 590 2250 840 3320 2270
I C G M S 4 7 1730 2350 410 2300 1040 2850 1480
C o n t r o l s
M a n i P i n t a r 2380 2490 - - - - -
R R l / I 1720 2170 - - - - -
57-422 - - 610 - - - -
R M P 1 2 - - 570 - - - -
M a k u l u R e d - - - 2260 1030 2790 -
C h a l i m b a n a - - - 2300 530 - -
Egre t - - - - - 3090 -
SE ±90 ±197 - ±131 ±132 ±104 -
T r i a l m e a n (n=36) 1630 2200 - 1930 1140 2420 -
C V (%) 11 18 - 13 23 8 -
1 . N o t a n a l y z e d o r i n c l u d e d i n o v e r a l l m e a n .
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tester t r i a l , an F 4 - F 6 ear ly -generat ion y ie ld t r i a l ,
and an I C G S t r i a l con ta i n i ng new entr ies. We
also repeated three t r ia ls f r o m the 1982/83
season.
Regional Trials
A f t e r i n i t i a l eva lua t ion and select ion in 1982/83,
and seed increase d u r i n g the d r y season under
i r r i ga t i on a t M a k a n g a , 34 Spanish popu la t i ons
and 14 Vi rg in ia popu la t i ons were assigned
1 C G M S numbers and selected fo r reg iona l t r ia ls .
F o r each t r i a l there were t w o locat ions each in
M a l a w i and Z a m b i a , and one each i n M o z a m -
b ique and Z i m b a b w e . The t r ia ls i n M o z a m b i q u e
were n o t analyzed due to h igh ly var iab le emer-
gence o f b o t h entr ies and con t ro ls . Results f o r
some of the cu l t ivars are shown in the Tables 41
and 42.
In the 1984/85 season, new t r ia ls have been
located at t w o sites in Tanzan ia , Nal iendele and
M o r o g o r o , and a t Gabo rone in Botswana. O n l y
Spanish cu l t ivars w i l l be tested in Bo tswana as i t
is a l ow- ra in fa l l area.
Seed Supply
A p a r t f r o m seed suppl ied to breeders fo r
reg iona l t r ia ls , advanced breed ing lines and
segregating popu la t ions were suppl ied to Egyp t ,
G a b o n , M a l a w i , M o z a m b i q u e , Swaz i l and , Z a m -
b ia , and Z i m b a b w e .
W o r k s h o p s , Conferences,
a n d Seminars
Regional Workshop on Groundnut Research
and Improvement in Southern Africa
This meet ing t o o k place in L i l o n g w e , M a l a w i ,
26-29 M a r c h . There were 46 par t i c ipan ts repres-
ent ing var ious ins t i tu t ions in six count r ies of the
reg ion: Bo tswana , M a l a w i , M o z a m b i q u e , T a n -
zania, Z a m b i a , and Z i m b a b w e . I D R C w h o f u n d
the Reg iona l G r o u n d n u t Imp rovemen t P r o g r a m
f o r Sou the rn A f r i c a were represented by staf f
f r o m E th i op ia and Kenya . A m o n g the M a l a w i
delegates were three U S A I D scient ists, a n d three
representatives f r o m Bunda Col lege o f A g r i c u l -
tu re , Un ivers i t y o f M a l a w i , as we l l as those f r o m
the M i n i s t r y o f A g r i c u l t u r e . Papers cove r i ng the
I C R I S A T reg iona l and center p rog rams were
presented, and each c o u n t r y repor ted on va r ious
aspects o f g r o u n d n u t p r o d u c t i o n i n c l u d i n g
breed ing, seed p r o d u c t i o n , a g r o n o m y , and d i s -
ease p rob lems. Special papers were presented on
breeding me thodo logy , t r a i n i n g , survey m e t h o -
dologies, and economic aspects o f c rop p r o d u c -
t i o n . A p lenary session recommended f u t u r e
research pr io r i t ies . Proceedings are in press and
w i l l be avai lable f r o m I n f o r m a t i o n Services,
I C R I S A T .
International Group Discussion Meet ing on
Groundnut Rust Disease
Par t ic ipants f r o m 10 count r ies met w i t h I C R I -
S A T scientists, 24-28 September, to discuss a l l
aspects of g r o u n d n u t rust , wh i ch has become a 
serious disease in many parts o f the w o r l d d u r i n g
the last decade. Papers were presented on t a x o n -
o m y , ep idemio logy , sources and mechanisms o f
resistance, and breeding procedures tha t u t i l i ze
b o t h cu l t ivars and w i l d species. O the r aspects
discussed were p lant quaran t ine , and the poss i -
ble existence of races of the pa thogen. The pres-
ent status of rust in the Amer icas , Aus t ra l i a ,
B u r k i n a Faso, I nd i a , N iger ia , the Peoples'
Repub l i c o f C h i n a , southern A f r i c a , and T h a i -
land was discussed. Proceedings are in press and
w i l l be avai lab le f r o m I n f o r m a t i o n Services,
I C R I S A T .
L o o k i n g A h e a d
Diseases. Research on ear ly leaf spot w i l l be
in tens i f ied, b o t h a t I C R I S A T Center and a t the
I C R I S A T Reg iona l P r o g r a m f o r Sou the rn
A f r i c a . In par t i cu la r , w i l d species and the i r
der ivat ives w i l l be screened in M a l a w i , together
w i t h fu r the r co l lect ions o f cu l t i va ted ge rmp lasm
repor ted to be resistant to ear ly leaf spot in o ther
countr ies.
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M o r e emphasis w i l l be p laced on e p i d e m i o l o g -
ica l studies o f the f o l i a r f unga l diseases in c o o p -
e ra t ion w i t h n a t i o n a l and reg iona l p rog rams .
Coopera t i ve research w i t h I C R I S A T F a r m i n g
Systems scientists on the effects of diseases in
i n t e r c ropp ing s i tuat ions w i l l be s t rengthened.
Research on p o d rots and the a f l a t o x i n p r o b -
lem w i l l receive h igher p r i o r i t y . I n pa r t i cu la r we
w i l l t r y to c o m b i n e by b reed ing , dr ied-seed re-
sistance to i nvas ion by A. flavus and l o w a f la -
t o x i n p r o d u c t i o n levels, as these characters have
n o t so fa r been f o u n d to occur together in a 
single cu l t i va r .
Insect pests. Deve lopmen t of mu l t ip le -pes t
resistance w i l l r ema in a m a j o r ob jec t ive , bu t
greater emphasis w i l l be placed on in tegrated
c o n t r o l me thods , pa r t i cu la r l y where resistances
are no t ava i lab le . E p i d e m i o l o g i c a l studies on
rosette, and research on vector movements and
ove rw in te r i ng , w i l l receive greater a t t en t i on in
M a l a w i and i n coope ra t i on w i t h Peanut C R S P
in West A f r i c a .
L i m i t e d studies on storage pests w i l l con t i nue
and methods f o r te rm i te c o n t r o l w i t h o u t the use
o f inset ic ide w i l l hope fu l l y be imp lemen ted in
coopera t i on w i t h the T r o p i c a l Deve lopmen t and
Research Ins t i tu te ( T D R I ) and A I C O R P O .
Drought , nutrient stress, and photoperiod. We
have n o w s tandard ized ou r d rough t -sc reen ing
techniques and we w i l l t r y to iden t i f y sources o f
resistance or to lerance to d r o u g h t that cou ld be
used in breeding p rog rams . Coopera t i ve studies
on the in te rac t ions o f h igh temperatures and
d r o u g h t on p o d invas ion by soi l f u n g i w i l l be
carr ied ou t by phys io log is ts and patho log is ts .
Research w i l l con t inue on Rhizobium i n o c u -
l a t i o n , i n o c u l u m qua l i t y , and phys io log ica l fac-
tors i n f l uenc ing n i t rogen f i x a t i o n . T h e ro le o f
mycor rh i zae and the in teract ions o f myco r rh i zae
and rh i zob ia w i l l be i n i t i a ted . T h e possible
effects o f p h o t o p e r i o d on cu l t i va r a d a p t a t i o n in
d i f fe rent la t i tudes w i l l con t i nue to receive h igh
p r i o r i t y .
Plant improvement. Breed ing f o r resistance to
stress factors w i l l con t i nue , as w i l l adap t i ve
breed ing f o r pa r t i cu la r t ra i ts . I n c o n j u n c t i o n
w i t h ou r b iochemists we w i l l pu t m o r e emphasis
on qua l i t y fac tors o f con fec t ionery g r o u n d n u t s
and the keep ing q u a l i t y o f o i l i n cu l t i va rs b red
f o r c rush ing .
N e w i n t e rna t i ona l nurseries w i l l be in i t i a ted
and m o r e emphasis w i l l be g iven to select ing
ea r l y -ma tu r i ng cu l t i vars f o r r ice-based c r o p p i n g
systems in Southeast As ia .
W i l d Species. We w i l l con t i nue to screen w i l d
species f o r usefu l t ra i ts and i nco rpo ra te t h e m
in to desirable a g r o n o m i c backg rounds by c o n -
ven t iona l and unconven t i ona l techniques. M o r e
basic studies w i l l be needed on new accessions
and we w i l l con t i nue o u r e f for ts to exp lo i t spe-
cies f r o m compa t i b l e sections o f the genus.
A t t e n t i o n st i l l needs to be pa id to the p r o d u c t i o n
o f hap lo ids , t o systems tha t c o n t r o l c h r o m o s o m e
pa i r i ng and r e c o m b i n a t i o n , and t o deve lop ing
aneup lo ids to fac i l i ta te gene t ransfer and genetic
analyses.
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F A R M I N G SYSTEMS
F a r m i n g Systems Research a ims to deve lop
i m p r o v e d management systems t ha t m a k e bet ter
use o f the fa rmer 's n a t u r a l resources t h a n his
t r a d i t i o n a l systems. In ear l ier years, we focused
o u r a t t e n t i o n on deep Ver t iso ls (b lack c lay soils)
i n the m o r e assured- ra in fa l l areas o f the I n d i a n
semi-ar id t rop ics ( S A T ) . Th is research led to the
deve lopmen t o f a d o u b l e - c r o p p i n g system tha t
has the po ten t i a l to increase p r o d u c t i v i t y
severa l - fo ld over fa rmers ' t r a d i t i o n a l s ing le-crop
systems. D o u b l e - c r o p p i n g also subs tan t ia l l y
reduces e ros ion . C u r r e n t l y , i n c o n j u n c t i o n w i t h
n a t i o n a l p r o g r a m s , we are p lac ing emphasis on
the test ing and a d a p t a t i o n o f va r ian ts o f th is
system in I n d i a , and we are also l o o k i n g f o r
s i tuat ions across the S A T where we can r e c o m -
m e n d a p p l i c a t i o n o f the m a i n concepts.
O u r c o m p o n e n t research is increas ing ly
d i rec ted t o w a r d s soils w i t h less-assured mo i s tu re
regimes. These inc lude deep Ver t iso ls in l ower -
ra in fa l l areas, sha l lower b lack c lay (Ver t i c ) soi ls,
and the l i gh te r - tex tu red A l f i so l s and Ent iso ls .
In 1983, we f o rma l i zed th is change in o u r
research d i r ec t i on in t w o ways. F i r s t l y , we
in i t i a ted a m o r e intensive research p r o g r a m on
soi l and wa te r conserva t ion . Second ly , we i d e n -
t i f i ed the p r i o r i t y areas f o r f a r m i n g systems
research a t the I C R I S A T Sahe l ian Center ( I S C )
in N ige r , where sandy soils and l o w ra i n fa l l
create a m u c h harsher e n v i r o n m e n t t h a n tha t a t
I C R I S A T Center . Emphas is i n West A f r i c a a t
this stage is p laced on in te rd i sc ip l i na ry research
i n c l u d i n g an ima ls and ag ro fo res t r y , t w o areas
no t p rev ious ly s tud ied b y I C R I S A T . A l t h o u g h
o u r m a j o r l o n g - t e r m agro fo res t ry research w i l l
be in A f r i c a , the sho r t - t e rm p r o g r a m tha t we
have started a t I C R I S A T Center w i l l be pa r t i c -
u l a r l y usefu l because o f its eva lua t i on o f m e t h -
odo log i ca l approaches , especial ly f o r assessing
the in te rac t ions between perenn ia l tree species
and annua l c rops .
In a d d i t i o n to these newer ac t iv i t ies , we are
m a i n t a i n i n g o n g o i n g d isc ip l i na ry research w i t h
emphasis on i m p r o v e d c r o p p i n g systems, char -
ac te r i za t ion o f mo is tu re regimes, o p t i m u m use
o f water and fer t i l izers , and ma in tenance o f so i l
f e r t i l i t y .
O n - S t a t i o n C o m p o n e n t
Research
Agroc l imato log ica l Studies
Th i s year a t I C R I S A T Center the season star ted
w i t h rains t ha t occur red in the 2nd week o f June .
A f t e r w a r d s , wa te r recharg ing o f Ver t i so ls and
A l f i so ls c o n t i n u e d , except f o r a shor t d r y spel l
t ha t occur red f r o m the last week o f June to ear ly
Ju l y . W i t h later ra ins, the A l f i s o l p ro f i l e was f u l l y
charged by the m idd le o f Ju l y , and the Ver t i so l
p ro f i l e by ear ly Augus t . Th i s was f o l l o w e d by t w o
fu r the r d r y spells resul t ing in near ly comple te
remova l o f avai lab le soi l water in A l f i so ls in Sep-
tember and October . T h e crops suffered more
severely in A l f i so ls t han in Ver t iso ls . A f t e r the
second week of October , the avai lable water in
A l f i so ls and Vert isols g radua l l y dec l ined.
Pearl M i l l e t Response to Sowing Geometry
We stud ied the g r o w t h o f pear l m i l l e t under
three sow ing geometr ies on an A l f i s o l in the 1982
and 1983 ra iny seasons. T w o pear l m i l l e t geno-
types, BJ 104 and I C H 226, were sown on 20
June in 1982, and 29 June in 1983. We imposed
three levels o f rec tangu la r i t y o f the in te r - and
i n t r a - r o w spacings o f a f i xed p o p u l a t i o n o f
100000 p lan ts ha
- 1
. These spacings were 37.5 x 
26.6 cm (S1 ) , 75.0 x 13.3 c m ( S 2 ) , and 150.0 x 6.6
cm (S3) . We used a randomized b l ock design
w i t h three rep l i ca t ions , and app l ied N at 28 and
P at 12 kg h a
- 1
 at sow ing , and an a d d i t i o n a l 28 kg
N ha
-1
 (as urea) 22 days af ter emergence ( D A E ) .
We measured g r o w t h and y ie ld componen ts i n
b o t h years, and l i gh t i n te rcep t ion in 1982. T o t a l
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r a i n fa l l d u r i n g the c r o p - g r o w t h pe r i od was 376
m m i n 1982 a n d 835 m m i n 1983.
Leaf area index ( L A I ) . I C H 226 had a h igher
L A I t h a n B J 104 t h r o u g h o u t the r a i n y season i n
1982 ( F i g . 1). L A I increased r a p i d l y f r o m 21 to
4 2 D A E i n a l l t rea tments . M a x i m u m L A I was
genera l ly l o w e r i n the S 3 t r ea tmen t . C o n t r i b u -
t i o n t o L A I by t i l lers was unaf fected by s o w i n g
geomet ry .
Light interception and light-use efficiency.
T h e S 3 s o w i n g geomet ry in te rcepted least l igh t
between a b o u t 30-60 D A E , and l i gh t in te rcep-
t i o n by I C H 226 canopies tended to be h igher
t h a n BJ 104 between a b o u t 45-60 D A E (F ig .2 ) .
W e a t t r i bu te b o t h effects t o the L A I ( F i g . 1). T h e
e x t i n c t i o n coef f ic ient ( K ) f o r b o t h cu l t i va rs was
s im i la r , bu t K values were -0.63 f o r S1 , -0.57 f o r
S 2 , and -0.36 f o r S3. T h e d r y ma t te r p roduced
MJ
- 1
 o f pho tosyn the t i ca l l y act ive r a d i a t i o n
( P A R ) in tercepted was ca lcu la ted on a seasonal
basis (Tab le 1): BJ 104 p roduced a p p r o x i m a t e l y
2.09, and I C H 226 p roduced 2.29 g M J
- 1
.
Y i e l d . T h e mos t rec tangu la r p l an t spac ing c o n -
s is tent ly reduced g r a i n a n d t o t a l d r y - m a t t e r
( T D M ) y ie ld (Tab le 2) , b u t d i d no t af fect the
p a r t i t i o n i n g o f T D M i n t o g ra i n a s s h o w n b y
harvest i ndex . In 1982, bu t no t 1983, there was a 
s ign i f i can t i n te rac t i on (P < 0.01) between the
effect o f genotype and sow ing geomet ry on g ra i n
y ie ld : BJ 104 y ie lded less t h a n I C H 226 a t the S 3
geomet ry , bu t n o t at the S1 or S2 geometr ies.
I C H 226 had a greater 1000-grain mass t h a n BJ
104. G r a i n y ie lds averaged 2270 kg ha
- 1
 in 1982
and 1820 kg ha
- 1
 in 1983. We a t t r i bu te the l ower
Figure 2. Intercept ion (%) of photosynthetical ly
active rad ia t ion by t w o pearl mil let genotypes grown
at three sowing geometries on an A l f iso l , I C R I S A T
Center , ra iny season 1982.
Figure 1 . L e a f area indices of t w o pearl millet geno-
types grown at three sowing geometries on an A l f i so l ,
I C R I S A T Center , ra iny season 1982.
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y ie ld in 1983 to l ower solar r a d i a t i o n a n d exces-
sive r a i n fa l l d u r i n g the c r o p - g r o w t h pe r i od .
Water use and water-use efficiency. S o w i n g
geomet ry d i d no t af fect wa te r use by pear l m i l l e t
i n 1982, b u t I C H 226 used m o r e wate r t h a n BJ
104 and its water-use ef f ic iency ( W U E ) f o r t o ta l
d r y ma t te r ( T D M ) was l ower (Tab le 3). F o r b o t h
genotypes, S 3 caused a lower W U E f o r b o t h
g ra in and T D M y ie ld t h a n S 1 and S2. I n an
in te rac t i on between genotype and sow ing
geomet ry , I C H 226 a t the S 2 sow ing geomet ry
gave the highest W U E (191 kg ha
- 1
 c m
- 1
) ; f o r BJ
104, the S1 sow ing geomet ry gave the highest
W U E (165 k g h a
- 1
 cm
- 1
) .
We conc lude tha t convers ion ef f ic iency o f
in tercepted r ad i a t i on i n to T D M i s conservat ive
fo r the t w o genotypes and va r ious s o w i n g
geometr ies. I n con t ras t , sow ing geomet ry s i gn i f i -
can t l y af fected t o ta l l igh t i n te rcep t i on and
e x t i n c t i o n coef f ic ient . D i f f e ren t geometr ies d i d
n o t change the crop 's water use, b u t d i d af fect
the W U E .
Pearl M i l l e t Response to Water Defici t
We star ted an expe r imen t on an A l f i s o l d u r i n g
Table 2 . Gra in yield, T D M , harvest index, and 1000-grain mass of t w o pearl mil let cultivars grown at three sowing
geometries on an Al f iso l , I C R I S A T Center, rainy seasons 1982 and 1983.
S o w i n g
g e o m e t r y
1
G r a i n y i e l d
( k g ha
- 1
)
T D M
( k g ha
- 1
)
H a r v e s t
i n d e x (%)
1000-gra in
mass (g)
C u l t i v a r 1982 1983 1982 1983 1982 1983 1982 1983
BJ 104
I C H 226
S E
S1
S2
S3
S1
S2
S3
2490
2320
1900
2350
2440
2120
±69
1950
1890
1730
1820
1850
1660
±101
5990
5570
4970
6310
7220
5870
±164
4900
4860
4220
4860
4870
4260
±363
41.6
41.7
38.2
37.2
33.8
36.0
±1.20
39.8
39.2
40.9
37.5
38.2
38.9
±1.98
6.4
6.1
6.2
6.9
7.0
6.3
±0.30
6.0
5.9
6.7
7.1
6.9
6.6
±0.24
1. S o w i n g g e o m e t r i e s : S 1 = 37 .5 x 26 .6 c m ; S 2 = 75 .0 x 13.3 c m ; S 3 = 150 x 6.6 c m .
T a b l e 1 . E f f ic iency o f convers ion o f p h o t o -
synthetically-active radiat ion into total dry matter
( T D M ) by two pearl millet genotypes grown at three
sowing geometries on an Al f iso l , I C R I S A T Center,
rainy season 1982.
C o n v e r s i o n
S o w i n g ef f i c iency
C u l t i v a r geome t r y
1
(g M J
- 1
) S E
BJ 104 S1 2.0 ±0.13
S2 1.9 ±0.07
S3 2.1 ±0.16
I C H 226 S1 2.2 ±0.10
S2 2.1 ±0.08
S3 2.3 ±0.17
1. S o w i n g g e o m e t r i e s : S1 = 37.5 x 26 .6 c m ; S2 = 75 .0 x 13.3
c m ; S 3 = 150 x 6 .6 c m .
Table 3 . Wate r use ( W U ) and water-use efficiency
( W U E ) of t w o pearl mil let genotypes grown at three
sowing geometries, Al f isol , I C R I S A T Center, rainy
season 1982.
S o w i n g
g e o m e t r y
1
W a t e r
use
( c m )
Wate r -use e f f i c iency
( k g h a
- 1
 c m
- 1
)
C u l t i v a r G r a i n D r y m a t t e r
BJ 104 S1 36.4 69 165
S2 36.2 64 154
S3 36.5 52 136
I C H 226 S1 38.3 61 165
S2 37.7 65 191
S3 37.8 56 155
S E ±0.6 ±2 ±5
1. See T a b l e 1 f o o t n o t e 1.
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s u m m e r 1983 to s tudy the effect on pear l m i l l e t
o f d r o u g h t stress imposed a t d i f fe ren t p h e n o l o g i -
ca l stages. T h e expe r imen t was a r ranged in a 
sp l i t - p lo t design w i t h 3 rep l i ca t ions . F ive stress
t rea tments f o r m e d the m a i n p lo ts and the t w o
cu l t i va rs ( B J 104 and 1 C H 412) the subp lo ts . T h e
t rea tments were:
M 0 : adequate m o i s t u r e supp l y t h r o u g h o u t
the g r o w i n g season;
M1 : d r o u g h t stress d u r i n g g r o w t h stage 1 
(GS 1 ) , i.e., f r o m emergence to pan ic le
i n i t i a t i o n ;
M 2 : stress d u r i n g G S 2 , i.e., f r o m pan ic le
i n i t i a t i o n t o anthesis;
M 3 : stress d u r i n g G S 3 , i.e., f r o m anthesis t o
phys io l og i ca l m a t u r i t y ; a n d
M 4 : stress f r o m later pa r t o f G S 2 t o end o f
G S 3 .
Seed was s o w n on 27 J a n u a r y , a n d p lan t g r o w t h
a n d d e v e l o p m e n t , d r y - m a t t e r p a r t i t i o n i n g ,
wa te r use, a n d W U E were measured.
Tota l dry matter. Tab le 4 shows the c o n t r i b u -
t i o n t o T D M b y m a i n cu lms and t i l lers o f the t w o
cu l t i va rs . M a i n cu lms c o n t r i b u t e d m o r e t h a n
t i l lers t o T D M o f I C H 412 i n mos t t rea tments ,
and t i l lers c o n t r i b u t e d m o r e in BJ 104 in a l l
t rea tments . I C H 412 p roduced m o r e (P<0.05)
T D M ( m a i n c u l m + t i l le rs) t h a n BJ 104 in 2 o f the
5 t rea tments . D r o u g h t d u r i n g G S 2 de layed f l o w -
e r ing in I C H 412, thus the c r o p exper ienced a 
longer pe r iod o f stress i n M 2 . T D M o f I C H 412
f o r th is t rea tmen t ( M 2 ) was 4 8 % l o w e r t h a n t ha t
f o r the M , t rea tmen t ; however , the r e d u c t i o n i n
T D M f o r B J 104 was o n l y 14%. T D M yie lds
were reduced mos t by t rea tmen t M 3 f o r BJ 104,
and by M 4 f o r I C H 412.
Grain yield. T h e g r a i n y ie ld ( m a i n cu lms + 
t i l le rs) o f BJ 104 was greater t h a n t ha t o f I C H
412 (Tab le 5 ) f o r a l l except the M 3 t r ea tmen t .
T i l l e rs p r o v i d e d mos t o f the g ra in y ie ld o f BJ
104, aga in except the M 3 t rea tmen t . M a i n cu lms
usual ly p r o v i d e d mos t o f the g ra i n f o r I C H 412.
In BJ 104, t i l le rs c o n t r i b u t e d mos t (75%) to g r a i n
y ie ld in M 2 resu l t i ng in a t o t a l g r a i n y ie ld o f 2750
kg h a
- 1
; M0 and M1 gave s im i l a r y ie lds. D r o u g h t
stress d u r i n g G S 2 reduced g r a i n y ie ld o f the m a i n
c u l m b y over 4 0 % i n b o t h cu l t i va rs , bu t
increased tha t f r o m the t i l lers by 27%; in BJ 104
and 125% i n I C H 412. D r o u g h t stress d u r i n g the
g r a i n f i l l i n g pe r i od ( M 3 ) reduced t o t a l g r a i n y ie ld
by 7 3 % in B J 104 and 6 8 % i n I C H 412.
Water use and water-use efficiency. I C H 412
used m o r e wate r t h a n BJ 104 in the M0 and M1
t rea tments (Tab le 6). BJ 104 used s im i l a r
a m o u n t s o f water i n M 0 , M 1 , and M 4 . B o t h
cu l t i va rs used least wa te r in M 2 . W a t e r use by
Table 4 . Effect o f five drought-stress treatments o n T D M (kg h a
- 1
) o f t w o pearl mil let cult ivars, A l f iso l , I C R I S A T
Center , summer 1983.
D r o u g h t -
stress
t r e a t m e n t
T D M ( k g ha
- 1
)
M a i n c u l m s T i l l e r s M a i n c u l m s + T i l l e r s
BJ 104 I C H 412 B J 104 I C H 412 B J 104 I C H 412
M0 2890 5970 4530 2840 7430 8810
M1 2900 5870 5010 4090 7910 9960
M 2 1950 2000 4850 3150 6800 5150
M 3 1670 3960 2150 2150 3830 6110
M 4 2110 1670 4200 1260 6310 2930
S E D
1
±297 ±436 ±560
S E D
2
±344 ±478 ±666
1 . S t a n d a r d e r r o r o f t he d i f f e r e n c e b e t w e e n t w o t r e a t m e n t m e a n s f o r t h e same c u l t i v a r .
2 . S t a n d a r d e r r o r o f t h e d i f f e r e n c e b e t w e e n t w o c u l t i v a r m e a n s a t t h e s a m e leve l o f m o i s t u r e .
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Table 5. Effect of five drought-stress treatments on grain yield (kg ha"
1
) of two pearl millet cultivars, Alfisol,
ICRISAT Center, summer 1983.
Grain yield (kg ha
-1
)
Main culms Tillers Main culms + Tillers
Treatment BJ 104 ICH412 BJ 104 ICH 412 BJ 104 ICH412
M0 1230 1410 1610 400 2840 1810
M, 1030 1470 1810 750 2840 2210
M2 690 840 2050 900 2750 1740
M, 410 480 350 110 770 590
M4 1030 540 1530 0 2560 540
SED
1
±132 ±149 ±223
SED* ±151 ±172 ±254
1. Standard error of the difference between two treatment means for the same cultivar.
2. Standard error of the difference between two cultivar means at the same level of moisture.
both cultivars under M3 and M4 exceeded the
amount of irr igation water applied.
BJ 104 was more efficient in its use of water for
grain yield than I C H 412, for most of the treat-
ments, as shown by the higher W U E for grain
yield. For both cultivars, M2 gave the greatest
W U E for grain yield. M3 of BJ 104, and M3 and
M4 of I C H 412, caused the lowest WU E for grain
yield. For BJ 104, the treatments caused similar
effects on the T D M and grain yield WUEs.
However, for I C H 412, M3 gave a W U E for
T D M that was similar to the highest WUEs for
T D M (similar to M4). These results show that
grain f i l l ing (GS3) is the growth stage most sensi-
tive to drought stress; water applied at this stage
is most efficiently used. Thus, under l imited-
water conditions, irr igation water could be wi th-
held at GS, and GS2, for application later in GS3.
BJ 104 uses water more efficiently than I C H 412,
for both grain and T D M yield, due to the greater
contribution of its tillers to the grain yield under
both stressed and nonstressed conditions.
Table 6. Effect of five drought-stress treatments on WD and WUE for grain yield and TDM production by two
pearl millet cultivars, Alfisol, ICRISAT Center, summer 1983.
WUE (kg ha-' cm"
1
)
Drought-
WU (cm) Grain yield (kg ha"
1
) TDM (kg ha"
1
)
stress
treatments BJ 104 ICH 412 BJ 104 ICH 412 BJ 104 ICH 412
M0 37.7 47.1 75 38 197 187
Mi 34.4 43.7 83 51 232 228
M2 22.8 24.1 121 74 299 213
M3 30.9 32.8 25 18 125 187
M4 35.8 36.2 71 15 176 81
SED
1 ±1.7 ±7 ±21
SED
2 ±1.4 ±7 ±23
1. Standard error of the difference between two treatment means for the same cultivar.
2. Standard error of the difference between two cultivar means at the same level of moisture.
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Crop-Weather Model ing
Sorghum
Appl icat ion o f S O R G F . I n p rev ious years we
used the revised S O R G F m o d e l t o p r o v i d e p re l i -
m i n a r y answers to quest ions on screening env i -
ronmen ts f o r s o r g h u m p r o d u c t i o n , select ing
a p p r o p r i a t e sow ing dates, and p r e d i c t i n g w h e n
and h o w m u c h i r r i g a t i o n wate r t o a p p l y f o r o p t i -
m u m g ra in y ie ld ( I C R I S A T A n n u a l R e p o r t
1983, p. 239). Th is year the revised m o d e l was
used to o b t a i n the cumu la t i ve p r o b a b i l i t y o f fer -
t i l i zer N requ i remen t f o r s o r g h u m p r o d u c t i o n a t
I C R I S A T Center . T o achieve th is , g r a i n y ie lds
o f s o r g h u m f o r the ra i ny season were f i rs t s i m u -
lated f o r a med ium-deep Ve r t i so l (150 mm a v a i l -
ab le w a t e r - h o l d i n g capac i ty ) us ing wea ther da ta
f o r 1901-1970 ( F i g . 3). U n d e r g o o d management
( t ime l y f i e ld opera t ions , adequate fe r t i l i zer , and
p lan t p ro tec t i on ) , we p red ic t t ha t s o r g h u m w i l l
y ie ld a t least 3000 kg ha
- 1
 o f g r a i n in 7 0 % of the
years. We calcu late fe r t i l i ze r requ i remen t on the
assumpt ion tha t 20 kg N is requ i red to p roduce
1000 kg h a
- 1
 o f s o r g h u m . T h e c rop absorbs 5 5 %
of the fe r t i l i zer , and the N - u p t a k e f r o m the p lo t
w i t h o u t fe r t i l i ze r i s 30 kg h a
- 1
, i.e., w i t h o u t f e r t i l -
izer, a c r o p w o u l d y ie ld 1500 kg h a
- 1
. F o r the
I C R I S A T Center e n v i r o n m e n t , w e p red ic t i n
5 0 % of the years, a y ie ld of 3800 kg ha
- 1
 f o r
w h i c h the fe r t i l i ze r N requ i remen t w o u l d be 80
Table 7 . S imula ted mean grain yield ( kg h a
- 1
) and
ferti l izer N requirement ( k g ha
- 1
) w i th drought stress
alleviated by i r r igat ion at different growth stages for
sorghum sown 15 September on medium-deep Ver t i -
sols, B i japur , K a r n a t a k a , postrainy seasons 1 9 6 5 - 8 1 .
I r r i g a t i o n
1
M e a n M e a n
g r a i n f e r t i l i ze r N 
y i e l d r e q u i r e m e n tPan i c l e
S o w i n g i n i t i a t i o n A n t h e s i s ( k g h a
- 1
) ( k g h a
- 1
)
2100 23
2200 25
2400 33
3200 62
3400 70
1. - = I r r i g a t i o n n o t a p p l i e d ; + = I r r i g a t i o n a p p l i e d .
kg h a
- 1
; and in 7 5 % of the years we pred ic t a y ie ld
of 3200 kg ha
- 1
 f o r w h i c h fe r t i l i ze r N requ i re -
ment w o u l d be 60 kg ha
- 1
.
T h e revised S O R G F m o d e l was also used to
s imula te the response o f s o r g h u m g r a i n y ie ld to
i r r i g a t i o n app l i ed a t d i f fe ren t g r o w t h stages in
B i j apu r , K a r n a t a k a (Tab le 7) , where mean
a n n u a l r a i n fa l l i s 646 m m . U n d e r ra in fed c o n d i -
t ions the s imu la ted mean s o r g h u m g r a i n y ie ld
f o r 16 years (1965-81) was 2100 kg ha
- 1
 a n d the
s imu la ted mean fe r t i l i ze r N requ i remen t was 23
kg ha"
1
. T h e N -up take w i t h o u t added fe r t i l i ze r N 
was assumed to be 30 kg ha
- 1
. W h e n a 5 0 - m m
i r r i g a t i o n was app l ied a t sow ing , and aga in a t
anthesis, the s imu la ted mean g ra in y ie ld was
3200 kg h a
- 1
, and fe r t i l i ze r N requ i remen t was 62
k g h a
- 1
.
T h e revised S O R G F m o d e l was tested us ing
i n d e p e n d e n t d a t a s u p p l i e d b y I C R I S A T
S o r g h u m I m p r o v e m e n t P r o g r a m o n s o r g h u m
h y b r i d C S H 6 g r a i n y ie lds f o r the ra i ny seasons
1978-83 (Tab le 8). These crops were g r o w n w i t h
a 75-cm r o w spac ing on a med ium-deep Ve r t i so l
(150 mm ava i lab le w a t e r - h o l d i n g capac i ty ) a t
I C R I S A T Center . W e s imu la ted g r a i n y ie lds
us ing ac tua l weather da ta f o r the w h o l e g r o w i n g
season, and f r o m s o w i n g to anthesis; f o r the
la t te r we assumed tha t n o r m a l weather p reva i led
d u r i n g the pe r i od f r o m anthesis t o phys io log i ca l
F i g u r e 3 . C u m u l a t i v e p r o b a b i l i t y o f s imu la ted
sorghum grain yield ( kg h a
- 1
) based on cl imatic data
1901-70.
4500
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Table 8 . Actua l and simulated grain yield (kg ha
- 1
) of
sorghum C S H 6 for I C R I S A T Center using actual
weather data for the growing season and f r o m sowing
to anthesis).
A c t u a l
g r a i n y ie ld
( k g ha
- 1
)
S i m u l a t e d g r a i n
y ie ld ( k g ha
- 1
)
S o w i n g
da te An thes i s M a t u r i t y
1 J u l 78 6230 5450 5650
23 J u n 79 5590 5710 5940
11 J u n 80 4880 5190 4950
24 J u n 81 5200 5550 5600
18 J u n 82 6630 5830 5600
28 J u n 83 5280 5470 4900
10 J u n 84 5000 5590 5240
Table 9 . Actua l and simulated grain yield (kg h a
- 1
) o f
pearl mil let BJ 104 for I C R I S A T Center using actual
weather data for the growing season and f r o m sowing
to anthesis.
S o w i n g
date
A c t u a l
g r a i n y i e l d
( k g ha
- 1
)
S i m u l a t e d g r a i n y i e l d
( k g ha
- 1
)
A n t h e s i s M a t u r i t y
27 J u n 78 2430 2680 2610
5 J u l 80 1710 2560 2510
23 J u n 81 2880 2610 2620
28 J u n 82 2560 2750 2710
27 J u n 83 2240 2400 2280
m a t u r i t y . S imu la ted s o r g h u m g ra in yields were
w i t h i n 10% o f the ac tua l g ra in y ie lds except in
1982. T h u s the m o d e l cou ld be used to forecast
y ie lds m u c h ahead o f harvest.
Pearl M i l l e t
The f r a m e w o r k f o r a pear l m i l le t s i m u l a t i o n
m o d e l was descr ibed ear l ier ( I C R I S A T A n n u a l
R e p o r t 1983, p . 242). F o r BJ 104, the g r o w i n g -
degree-day requ i rements (base tempera tu re
7 ° C ) f o r the three g r o w t h stages G S 1 , G S 2 , and
G S 3 were 350, 470, and 570. We used a s imple
app roach i n v o l v i n g the concept o f g r o u n d cover
coef f ic ient ( G C ) s im i la r to tha t used in g r o u n d -
nu t . T h e GC was assumed to increase l inear ly
f r o m 0 to 1.0 f r o m emergence to anthesis; i t
remained 1.0 f o r a b o u t a week af ter anthesis; and
then i t dec l ined l inear ly to 0.5 at phys io log ica l
m a t u r i t y . F o r each M J o f r a d i a t i o n in te rcep ted ,
1.3 g of d r y ma t te r was p r o d u c e d . A harvest
index o f 0.25 was used t o conver t T D M to g ra in
y ie ld . Th i s m o d e l was tested w i t h an independent
data set supp l ied by I C R I S A T Pear l M i l l e t
I m p r o v e m e n t P r o g r a m . T h e crops were g r o w n
a t 75-cm r o w spacing on an A l f i s o l (85 mm
avai lab le w a t e r - h o l d i n g capac i ty ) a t I C R I S A T
Center . S imu la ted g ra i n y ie lds (Tab le 9) were
genera l ly w i t h i n 9% o f the ac tua l y ields except i n
1980, w h e n s imu la ted y ie ld was 4 7 % h igher t h a n
actua l y ie ld .
Nut r ien ts
Phosphorus
D u r i n g ear l ier invest igat ions i n t o the behav io r
o f phosphorus i n Ver t iso ls a t I C R I S A T Center
( I C R I S A T A n n u a l R e p o r t 1983, p p . 254-255)
we f o u n d tha t s o r g h u m g r o w n on deep Ver t iso ls
responded l i t t l e , i f a t a l l , t o app l i ca t ions o f f e r t i l -
izer P when the so i l -ava i lab le P con ten t was very
l o w (<2-3 p p m Olsen P) . O u r subsequent inves-
t iga t ions have i nvo l ved charac te r i za t ion studies
to compare the f o rms o f phosphorus ex i s t i ng i n
the b e n c h m a r k Ver t iso ls and A l f i so l s a t the C e n -
ter, and subsequent f ie ld and greenhouse expe r i -
ments where we a t tempted to establ ish re la-
t ionships between d i f ferent estimates of avai lab le
P in the so i l , and the response of s o r g h u m to
app l i ca t ions of fer t i l i zer P.
Characterization of Soil Phosphorus
We care fu l l y chose f o u r s a m p l i n g sites on the
b e n c h m a r k A l f i s o l ( U d i c R h o d u s t a l f ) and f o u r
on the b e n c h m a r k Ve r t i so l ( T y p i c Pel luster t ) a t
I C R I S A T Center to p rov ide so i l samples w i t h a 
range of ava i lab le P levels f o r each soi l o rder . We
then exam ined the soils us ing the m o d i f i e d
C h a n g and Jackson f r a c t i o n a t i o n m e t h o d t o
de te rmine the f o r m s in w h i c h phosphorus was
held in the so i l .
O u r results ( F i g . 4 ) show tha t a m o u n t s o f P in
the d i f fe ren t f rac t ions were qu i te consistent
w i t h i n each soi l o rde r , bu t there were large d i f -
ferences between the t w o orders . C a l c i u m - P was
the d o m i n a n t f o r m i n the Ver t i so ls ; a l t h o u g h
i r o n - P d o m i n a t e d in the A l f i so l s , the levels p re -
sent were a b o u t the same as those in the V e r t i -
sols. A l u m i n i u m - P was l o w in b o t h soi ls.
Ver t iso ls in I n d i a are cons idered to possess a 
h igh P - f i x a t i o n capac i ty . I n p r e l i m i n a r y mea-
surements on surface samples (0-15 c m ) f r o m the
t w o so i l o rders , however , Ver t i so ls f i xed o n l y
s l ight ly m o r e phospho rus t h a n A l f i so l s . W h e n
200 mg P kg
- 1
 was added to the soi ls, Ver t i so ls
sorbed 9 1 % ( o n average) and A l f i so l s 8 6 % ; f o r
Figure 4 . Phosphorus associated wi th A l , F e , and
C a , as estimated by the Chang and Jackson proce-
dure , in Vertisols and Alf isols, I C R I S A T Center.
smal ler a m o u n t s a d d e d , e.g. 50 mg P k g
- 1
, the
percentages sorbed were 96.6 by Ver t i so ls and
97.1 by A l f i so l s . These resul ts, ob ta ined on the
surface soi ls , were c o m p l e m e n t e d by others
s h o w i n g tha t f i x a t i o n i n the type pro f i les o f the
t w o b e n c h m a r k soils changed o n l y a l i t t l e w i t h
d e p t h , apar t f r o m a h i gh va lue in the B h o r i z o n
o f the A l f i s o l . T h e t w o soils h a r d l y d i f fe red i n
the i r f i x a t i o n capaci t ies (Tab le 10).
F u r t h e r research is w a r r a n t e d on the behav io r
o f phospho rus i n Ver t iso ls because, i n a d d i t i o n
to a m u c h l owe r P - f i x a t i o n capac i ty t h a n
expected, assessments o f p lan t responses i n d i -
cate t ha t Ver t iso ls supp ly P to c rops m u c h m o r e
read i ly t h a n has p rev ious ly been recognized.
Responses to P Appl ied to Vertisols
In 1983, we pursued the ear l ier i nd i ca t i ons tha t
s o r g h u m g r o w n on Ver t iso ls responded t o f e r t i l -
izer P app l i ca t ions o n l y w h e n the ava i lab le P 
con ten t o f the soi l was m u c h l ower t h a n the l i m i t
used f o r o the r c rops and soils in I n d i a . A v a i l a b l e
P was de te rm ined by the Olsen's s tandard
m e t h o d ( e x t r a c t i o n w i t h 0.5 m o l a r N a H C O 3 ) .
Ra iny-season s o r g h u m ( C S H 6 ) was g r o w n o n
the f o u r Ve r t i so l sites used to p rov i de samples
f o r so i l P charac ter iza t ions ( F i g . 4) . T h e sites
received fe r t i l i ze r t rea tments in a f u l l f ac to r i a l o f
f ive rates of P a p p l i c a t i o n (0, 5, 10, 20, and 40 kg
ha
- 1
) and three rates of N a p p l i c a t i o n (40, 80, and
120 kg ha
- 1
) . There was no i n te rac t i on between N 
and P in the effects o f n u t r i e n t add i t i ons on g ra in
y ie ld , a n d the m a i n effects o f P were there fo re
used to ca lcu late the re la t ive y ie ld (YP 0 /YP m a x )
f o r each site; the p l o t of these against ava i lab le P 
(Olsen) in the soils shows tha t we o n l y ob ta ined
apprec iab le responses on sites where the so i l -
ava i lab le P con ten t was less t han abou t 2.5 p p m
( F i g . 5). T h i s is a b o u t one-ha l f o f the level gener-
a l l y used f o r o the r soils in I n d i a ; a level of 5 p p m
is cons idered to be l o w , a n d 10 p p m adequate .
T h e lack of a s ign i f i can t N x P i n te rac t i on was
consistent w i t h the results we ob ta ined in a very
deta i led expe r imen t in 1981.
Th i s e x p e r i m e n t i nvo l ved 5 rates of P a n d 6 
rates of N, a r ranged in a sp l i t - p lo t design w i t h N 
t rea tments in the m a i n p lo ts and P t rea tments in
V e r t i s o l s
A l - P 
Fe - P 
C o - P 
125
100
75
50
25
0
2 . 5 3.5 6.0 8 . 0
A v a i l a b l e p h o s p h o r u s ( m g k g
- 1
)
A l f i s o l s
Al - P 
Fe - P 
Co - P 
100
75
50
25
0
3.5 4 . 5 7 . 0 1 1 . 5
A v a i l a b l e p h o s p h o r u s ( m g k g
- 1
)
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Table 10. Compar ison of selected soil properties and amount of P f ixed in the profiles of benchmark Vert isol and
Al f iso l , I C R I S A T Center .
S o i l
P a d d e d
t o reach
0.2 p p m
e q u l . conc .D e p t h C l a y O r g a n i c C p H C a C O 3 T o t a l P 
H o r i z o n ( c m ) (%) (%) (1:2 H 2 O ) (%) ( m g k g - ' ) ( m g k g
- 1
)
1
A l f i s o l ( U d i c R h o d u s t a l f )
A P 0-10 19 0.62 6.3 2.4 140 35
B1 10-20 30 0.66 6.4 2.8 120 34
B 2 1 t 20-50 41 0.63 6.7 2.9 110 36
B22 t 50-105 4 ! 0.49 6.6 2.8 90 93
B C 105-145 24 0.20 7.4 3.7 90 39
C 145-160 16 0.10 8.0 6.5 140 20
V e r t i s o l ( T y p i c Pe l l us te r t )
A P 0-15 51 0.66 8.3 10.0 220 30
A l l 15-40 54 0.33 8.5 9.3 150 33
A 1 2 40-90 56 0.37 8.9 12.6 160 33
A 1 3 90-150 59 0.29 8.9 15.2 190 38
A C 150-180 65 0.18 8.7 10.2 200 28
1 . A m o u n t o f P a d d e d t o resu l t i n a c o n c e n t r a t i o n o f 0 .2 m g P L
- 1
 i n s u p e r n a t a n t s o l u t i o n , o n e q u i l i b r a t i n g s o i l f o r 6 d a y s a t
2 5 ° C .
Figure 5. Relat ionship between relative grain yield
( Y P O / Y P m a x ) o f rainy-season sorghum C S H 6 and
available P (Olsen) in 0-15 cm depth of Vertisols; f ield
experiments, I C R I S A T Center, 1981 and 1982.
the sub p lo ts . T h e response to P was sma l l , a b o u t
6% on average (Tab le 11). We had expected tha t
this si te, w i t h its l o w N and P status (1.5 p p m
Olsen P) in the 0-15 cm so i l d e p t h , w o u l d be mos t
l i ke ly to show N x P in te rac t ions in c r o p y i e l d ;
the h i gh m a x i m u m c rop p r o d u c t i v i t y ( > 6 3 0 0 k g
ha
- 1
) demonst ra tes the h igh c r o p d e m a n d f o r P 
f r o m the so i l . T h e lack o f an i n te rac t i on i n th is
expe r imen t , and in the o ther exper imen ts p r o -
v i d i n g da ta f o r F igu re 5 ind ica te tha t these in te r -
ac t ions are un l i ke l y in o u r Ver t i so ls .
In a greenhouse p o t expe r imen t , we inves t i -
gated the feas ib i l i t y o f o b t a i n i n g m o r e precise
compar i sons between Ver t iso ls and A l f i so l s .
B u l k samples were col lected f r o m the 0-15 and
15-30 cm depths f r o m each o f the sites used f o r
the soi l charac ter iza t ions in F igu re 4 . To the soi l
f r o m each site, we added 6 rates of P (0 , 0.5, 1, 2,
4, and 8 P m
- 2
, equ iva len t to 0, 5, 10, 2 0 , 4 0 , and
80 kg P h a
- 1
 on an area basis). We also app l i ed
o ther k n o w n essential nu t r ien ts as a basal dress-
ing to the 0-15 cm so i l d e p t h i n c l u d i n g N at the
rate of 12 g m
-2
.
y = 9 6 . 7 (1-e
-1.02
x)
O l s e n P ( m g k g
- 1
 ) 
0 5 10 15 
100
50
0
y
1981
1 9 8 2
x
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Table 1 1 . Effects of N and P appl icat ion on grain
yield ( k g h a
- 1
) o f sorghum C S H 6 , deep Ver t isol ,
I C R I S A T Center , rainy season 1982.
N ra te
( k g ha
- 1
)
P ra te ( k g ha
- 1
)
0 5 10 20 40 M e a n S E
0 1870 2050 2040 2130 2340 2090
40 3950 3500 3560 3600 3610 3640
80 4890 4580 5040 4620 4880 4800 ±276
120 4560 5250 5440 5150 5350 5150
160 5460 5420 5740 6020 5500 5630
200 5580 5660 5850 6070 6350 5900
S E ±401
M e a n 4390 4410 4610 4600 4670 4530
S E ±126
T h e results ( F i g . 6a) d i d no t ind ica te a clear
d i f ference between Ver t iso ls and A l f i so l s in the
re la t ionsh ips between the response o f s o r g h u m
to added P, and the level o f ava i lab le P in the soi l
as assessed by the Olsen soi l test. S ign i f i can t
di f ferences resul ted w h e n the Olsen test was
replaced by the C o l w e l l test ( F i g . 6b) , w h i c h is
very s im i la r , b u t invo lves a m o r e exhaust ive
ex t rac t i on o f so i l P . T h e results, however , were
c o n t r a r y to those expec ted—the C o l w e l l test had
been expected to ex t rac t m u c h m o r e P f r o m the
Ver t i so l t han f r o m the A l f i s o l .
W h i l e these p r e l i m i n a r y studies d i d n o t p r o -
duce consistent resul ts, they have very c lear ly
h igh l i gh ted the di f ferences in P behav io r in Ve r -
t isols and A l f i so l s . Th is has cons iderab le rele-
vance to fe r t i l i ze r strategies f o r the i m p r o v e d
d o u b l e - c r o p p i n g system f o r deep Ver t i so ls .
Efficiency of Nitrogenous Fertilizers
O u r co l l abo ra t i ve p ro jec t w i t h the I n t e r n a t i o n a l
Fer t i l i ze r D e v e l o p m e n t Center ( I F D C ) c o m -
menced in 1980 to s tudy the fate and ef f ic iency o f
fe r t i l i ze r N , i n i t i a l l y focused on o b t a i n i n g base-
l ine i n f o r m a t i o n on deep Ver t iso ls and A l f i so l s .
In 1983 the research focus was sh i f ted to sha l l ow
soils in w h i c h app l ied fe r t i l i zer N is m o r e vu lne r -
able to losses by leach ing o f var iab le ra i n fa l l . We
compared d i f fe ren t N sources on a sha l l ow b lack
soi l (Ve r t i c Incep t i so l ) us ing sole s o r g h u m as the
test c r o p . Ear l i e r studies ( I C R I S A T A n n u a l
Repor t s 1981, pp . 231-233; 82, p p . 247-250; 83,
p p . 257-259) exam ined the effects o f m e t h o d o f
a p p l i c a t i o n on the fate and ef f ic iency o f fe r t i l i ze r
N in d i f fe ren t c r o p p i n g systems, m a i n l y on deep
Ver t iso ls . We con t i nued studies on s o r g h u m -
saf f lower d o u b l e c r o p p i n g on a deep V e r t i s o l ,
m i l l e t / g r o u n d n u t in te rc rops on an A l f i s o l , and
Figure 6. Relat ionships between relative grain yield
of postrainy-season sorghum C S H 8 grown on Al f is-
ols and Vertisols in a pot exper iment , and available P 
assessed by the Olsen (a ) and Colwel l (b ) methods in
the 0-15 cm soil depth , I C R I S A T Center , 1984.
a . y = 1 6 . 8 + 7 . 6 x r = 0 . 8 9 rse = 1 3 . 6
y = - 3 , 9 + 8 . 7 x r = 0 . 9 8 rse = 7 . 1
b . y = 1 2 . 3 + 5 . 6 x r = 0 . 7 6 rse = 1 9 . 4
y = 8 . 4 + 1 . 9 x r = 0 . 9 6 rse = 1 1 . 0
O l s e n P (mg kg
- 1
 ) 
Alfisol
V e r t i s o l
y
100
50
0
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X
y
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5 0
0
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C o l w e l l P ( m g k g
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x
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we also c o m p a r e d d i f fe ren t me thods o f fe r t i l i zer
app l i ca t ions on sha l low b lack (Ver t i c ) soi ls.
Rainy-Season Sorghum on Vertic Soils
On these sha l low soi ls, we s tud ied the response
of s o r g h u m C S H 6 to urea app l ied a t d i f fe ren t
rates (0-120 kg ha
- 1
) by the band-sp l i t techn ique ,
and the effectiveness of d i f fe ren t N sources: urea,
d i a m m o n i u m phosphate , po tass ium n i t ra te ,
n i t r ophospha te (20-20-0), and urea super
granules ( U S G ) . T h e so i l was a Ve r t i c I n c e p t i -
so l , average dep th 25 c m . T h e ra in fa l l in
1983 was we l l above n o r m a l , 913 mm between
sow ing and harvest , evenly d i s t r i bu ted t h r o u g h -
o u t the season. S o r g h u m responded l i near l y to
app l ied N up to 120 kg N h a
- 1
, and the slope of
the response curve was 20 kg o f s o r g h u m g ra in
k g
- 1
 N app l ied ( F i g , 7). Th i s resul t was m a r k e d l y
d i f fe rent f r o m the ear l ier result (1981) on a deep
Ver t i so l and w i t h s im i la r r a i n f a l l , 880 m m . O n
the deep Ve r t i so l the response o f s o r g h u m C S H
6 to app l ied N was quad ra t i c ; the response was
Figure 7 . Relat ionship between grain yield (kg h a
1
)
of sorghum C S H 6 and ferti l izer N applied on deep
(1981) (1 ) and shallow (1983) (2 ) Vert ic soils, I C R I -
S A T Center, rainy seasons 1981 and 1983.
Table 12. Effect of different types of ferti l izer N on
yield (kg h a
- 1
) o f sorghum C S H 6 , deep Vert isol
(1982) , and Vert ic Inceptisol (1983 ) , I C R I S A T C e n -
ter, rainy seasons 1982 and 1983.
G r a i n y ie ld ( k g ha
- 1
)
Fe r t i l i ze r N V e r t i s o l
V e r t i c
I n c e p t i s o l
N i l
U rea
P o t a s s i u m n i t r a t e
N i t r o p h o s p h a t e
U r e a Supe r G r a n u l e
S E
C V (%)
2870
5250
5390
5490
5530
±180
7
670
1910
1780
1860
2470
±122
14
a lmos t l inear up to 74 kg N h a
- 1
, w i t h a s lope of
34 kg g ra in kg
-1
 app l ied N ( F i g . 7).
The inpu ts of fer t i l i zer N were less ef f ic ient in
increasing c rop yie lds on the sha l low b lack soi l
t h a n on the deep Ver t i so l . T h u s , f o r mos t e f f i -
c ient use of fer t i l i zer resources, deep Ver t iso ls
shou ld receive a h igher p r i o r i t y in fe r t i l i zer a l l o -
ca t i on . Nevertheless, sho r t - t e rm strategies f o r
subsistence fa rmers shou ld no t i gnore the poss i -
b i l i t y o f us ing fer t i l i zer N on N-responsive crops
on sha l low d r o u g h t y soi ls, because the 20 kg
g ra in kg*
1
 N ob ta ined on the Ver t i c Incep t i so l in
1983 was qu i te a sat is factory economic response.
A m o n g the f o u r n i t rogenous fer t i l izers
tes ted—urea, U S G , po tass ium n i t ra te , and
n i t r ophospha te ( 2 0 - 2 0 - 0 ) — U S G was s ign i f i -
cant ly mo re ef fect ive in increas ing s o r g h u m
yields on the Ver t i c Incep t i so l t h a n the o the r
sources of N (Tab le 12). In the deep Ve r t i so l in
1982, these f o u r sources of N were f o u n d to be
equal ly ef fect ive. On selected t reatments o f these
exper iments , we used
1 5
N-label led fer t i l izers to
de te rmine the fate o f app l ied N.
Nitrogen Fertil izer Appl icat ion to
Mi l le t Intercropped with Groundnut
on a Shallow Alf isol
In 1983, we app l ied f o u r levels o f N (0 , 40 , 80,
and 160 kg N ha
- 1
) to pear l m i l l e t cu l t i va r BJ 104
1. y = 2 5 6 0 + 4 8 . 9 x - 0 . 2 0 x
2
 R = 0 . 8 5 rse = 4 9 5
2. y = 6 0 0 + 2 0 . 8 x r = 0 . 9 9 r s e = 9 0
F e r t i l i z e r n i t r o g e n ( k g h a
- 1
)
0 s o 100 150 
x
6 0 0 0
4000
2 0 0 0
0
g
D e e p V e r t i s o l
V e r t i s o l I n c e p t i s o l
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i n t e r c ropped w i t h g r o u n d n u t R o b u t 33-1 in 1:3
a n d 2:6 c r o p - r o w a r rangements . M i l l e t re-
sponded s ign i f i can t l y to app l i ed N ( F i g . 8). Sole
m i l l e t responded the mos t . T h e l o w e r response
o f m i l l e t w h e n i n te rc ropped was the m a i n cause
o f the reduced advantage o f i n t e r c r o p p i n g w i t h
inpu ts of fe r t i l i ze r N (Tab le 13). In a separate
expe r imen t o n sole m i l l e t , U S G a p p l i c a t i o n
resul ted in greater (P<0.05) y ie ld t h a n urea
(Tab le 14); a s im i l a r resul t was ob ta ined w i t h
s o r g h u m on sha l l ow b lack soi ls. T h e reasons f o r
the supe r i o r i t y o f U S G are be ing inves t iga ted .
Sorghum-Saff lower Double -Cropping System
on a Deep Vertisol
In the 1983/84 season, we c o n t i n u e d o u r s tudy
on the ef f ic iency o f fe r t i l i ze r N app l i ed to the
so rghum-sa f f l owe r d o u b l e - c r o p p i n g system
i n v o l v i n g sequent ia l c r o p p i n g i n the r a i ny and
pos t ra i ny seasons. T h e results were in agreement
w i t h the f i nd ings f r o m 1982/83 i n t ha t the effect
Tab le 13. Effect of N appl icat ion ( k g ha"
1
) on L a n d
Equivalent R a t i o ( L E R ) o f t w o crop-row arrange-
ments for a mi l let BJ 1 0 4 / g r o u n d n u t R o b u t 33 -1
intercrop, A l f i so l , I C R I S A T Center , ra iny season
1983.
L E R
N a p p l i e d R o w a r r a n g e m e n t
1
( k g ha
- 1
) 1:3 2:6
0 1.35 1.36
40 1.14 0.98
80 1.01 1.01
160 0.92 0.99
S E ±0.060
C V (%) 13.0
1 . C r o p - r o w a r r a n g e m e n t o f 1:3 a n d 2 :6 r o w s o f m i l l e t :
g r o u n d n u t ; a l l i n t e r - r o w d is tances 3 0 c m .
of fe r t i l i ze r N on the pos t ra iny-season c r o p
( g r o w n w i t h s tored soi l wa te r ) was s ign i f i can t ,
and the res idua l effect o f fe r t i l i ze r N app l i ed to
the ra iny-season c r o p ( s o r g h u m ) on the subse-
quen t c r o p (sa f f lower ) was sma l l . H o w e v e r , th is
year 's resul t con t rad ic t s last year's f i n d i n g tha t
ra iny-season bare f a l l o w i n g was no t benef ic ia l to
the post ra iny-season c r o p (Tab le 15). F r o m th is
2-year s tudy , we conc lude tha t in a d o u b l e -
c r o p p i n g system i n v o l v i n g non legume c rops
such as so rghum-sa f f l ower , fe r t i l i ze r N shou ld
be independen t l y app l i ed to b o t h c rops , and tha t
the benef ic ia l effect o f bare f a l l o w i n g l and d u r -
i n g the r a i n y season on a pos t ra iny-season c r o p
m a y va ry between seasons. We suspect t ha t the
Table 14. Effect of dif ferent types of fert i l izer N on
yield ( k g h a
1
) o f sole mil let B J 104, A l f iso l , I C R I S A T
Center , ra iny season 1983.
F e r t i l i z e r N 
G r a i n y i e l d
( k g h a
- 1
)
N i l
U r e a
U r e a super g r a n u l e
S E
C V (%)
1620
2700
2930
±87
9
Figure 8. Effect of different crop-row arrangements
and ferti l izer N appl icat ion rate on grain and pod
yields (kg h a
- 1
) o f intercropped mil let and groundnut
on an A l f iso l , I C R I S A T Center , ra iny season 1983.
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a m o u n t o f r a i n fa l l d u r i n g the f a l l o w pe r iod may
be a fac tor .
Nitrogen Appl icat ion Methods
T h e app l i ca t i on o f fer t i l i zer , and sow ing o f seed
separately i n t o so i l us ing a d o u b l e seed-and-
fer t i l i zer f u r r o w - o p e n e r ( I C R I S A T A n n u a l
R e p o r t 1983, p. 259) requires h igher d ra f t power
than a single f u r r o w - o p e n e r t h r o u g h w h i c h c o m -
b ined seed and fer t i l i zer are added . A l s o , i f the
fer t i l i zer band is located t o o fa r f r o m seed r o w ,
c rop g r o w t h may be de layed. We therefore c o m -
pared fer t i l i zer a pp l i ca t i o n in a conven t i ona l
s ide-band to t ha t w i t h i n the seed r o w , us ing urea
and d i a m m o n i u m phosphate ( D A P ) . W e f o u n d
tha t fer t i l i zer a p p l i c a t i o n in the seed r o w , a t the
rate of 40-60 kg N ha
- 1
, gave bet ter es tab l ishment
o f the s o r g h u m c rop and h igher y ie lds (Tab le
16). I t is there fore feasible to use a single f u r r o w -
opener f o r c o m b i n e d p lacement o f seed and fer-
t i l izers, at least in some s i tua t ions .
Long-Term Soil Ferti l ity
Experiments
Three l ong - t e rm exper iments are in progress a t
I C R I S A T Center . A s u m m a r y o f the results o f
the l o n g - t e r m po tass ium exper imen t was g iven
last year, at the end of the f i rs t 4-year cycle
( I C R I S A T A n n u a l R e p o r t 1983, pp . 260-265).
The phosphorus exper imen t cont inues to give
mean t rea tment effects tha t are in agreement
w i t h p rev ious years, bu t increas ing ly there are
t rends to t rea tmen t x repl icate in te rac t ions ; these
are be ing invest igated.
In the 1983/84 season, the C r o p p i n g Systems
and So i l Fe r t i l i t y and Chemis t r y subp rog rams
in i t i a ted a new l ong - t e rm exper imen t to inves t i -
gate the effects o f 2-year ro ta t i ons on the l o n g -
t e r m fe r t i l i t y o f the so i l , w i t h diverse c o m -
b ina t ions o f legumes and non legumes, and t r a d i -
t i o n a l and i m p r o v e d types o f c r o p p i n g systems.
T h e results o f the f i rs t 2-year cycle w i l l be
repor ted nex t year.
Table 15. Effect of ferti l izer N on grain yields ( k g ha
- 1
) in sorghum-saff lower double cropping, deep Ver t iso l ,
I C R I S A T Center , 1 9 8 2 / 8 3 and 1 9 8 3 / 8 4 .
C r o p p i n g sys tem G r a i n y i e l d ( k g ha
- 1
)
R a i n y season P o s t r a i n y season R a i n y season P o s t r a i n y season
N N
C r o p ( k g ha
- 1
) C r o p ( k g ha
- 1
) 1982
1 19832 1982 /83 1983/84
S o r g h u m 0 F a l l o w 0 3550 1900 - -
S o r g h u m 60 F a l l o w 0 4470 3520 - -
F a l l o w 0 S a f f l o w e r 0 - - 1400 530
F a l l o w 0 S a f f l o w e r 60 - - 1960 1460
S o r g h u m 0 S a f f l o w e r 0 3720 1100 630 690
S o r g h u m 60 S a f f l o w e r 0 4890 3050 720 670
S o r g h u m 30 S a f f l o w e r 30 4710 2270 1000 1170
S o r g h u m 60 S a f f l o w e r 30 5180 3080 1050 1060
S o r g h u m 90 S a f f l o w e r 0 5290 3920 860 840
F a l l o w 0 S o r g h u m 0 - - 1410 1340
F a l l o w 0 S o r g h u m 60 - - 2830 2910
SE ±175 ±149 ±90 ±108
C V (%) 8 11 16 17
1 . 1982 r a i n f a l l 500 m m .
2 . 1983 r a i n f a l l 910 m m .
262 Farming Systems 
Rainy-season crops such as soybean ( r ight ) and short -durat ion pigeonpea growing on a Vert isol I C R I S A T Center ,
rainy season 1984. In I C R I S A T ' s double-cropping system they wi l l be fo l lowed in the postrainy season by
sequential crops of chickpea, saff lower, sorghum, or wheat that wi l l benefit f r o m the preceding legume.
Tab le 16. Effect of method of appl icat ion and type of ferti l izer N on yields (kg h a
- 1
) of maize and sorghum on a 
Ver t iso l , and mil let on a Vert ic Inceptisol , I C R I S A T Center, rainy and postrainy seasons 1 9 8 3 / 1 9 8 4 .
Fe r t i l i ze r N R a i n y season Pos t ra iny season
T y p e
M e t h o d o f
a p p l i c a t i o n
1
M a i z e T D M
( k g ha
- 1
)
M i l l e t g r a i n
( k g ha
- 1
)
S o r g h u m g r a i n
( k g ha
- 1
)
N i l
U rea
Urea
D A P
D A P
S E
C V (%)
N i l
S i d e - b a n d
Seed - row
Side b a n d
S e e d - r o w
1150
5180
5980
nd
2
6100
±901
21
370
650
740
780
920
±47
11
700
1630
2230
1890
2420
±325
33
1 . A l l f e r t i l i z e r N a p p l i e d a t seed ing o r s o w i n g t o m i l l e t ( 49 kg h a
- 1
) a n d s o r g h u m (60 kg ha
- 1
 ) . M a i z e g i v e n 80 kg N h a
- 1
, ha l f a t
seed ing ( e i t h e r s i d e - b a n d o r s e e d - r o w ) , a n d h a l f as s i d e - b a n d 4 weeks la te r .
2 . nd = n o t d e t e r m i n e d .
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Soil Management for Conservation
Rainfal l Erosivity
T h e energy expended on soi l by r a i n f a l l and
r u n o f f i s the p r i m a r y f ac to r d e t e r m i n i n g e ros ion
by r a i n f a l l . Studies on s t o r m s — p a r t i c u l a r l y the
charac te r i za t ion o f d u r a t i o n , in tens i ty , and t o t a l
a m o u n t o f r a i n fa l l are needed to p r o v i d e est i -
mates o f the e ros iv i t y o f r a i n fa l l i n a reg ion . We
commenced deta i led measurements o f s to rms a t
I C R I S A T Center i n 1983.
F igu re 9 shows the in tens i ty d i s t r i b u t i o n f o r
d i f fe ren t sizes of s to rms in the 1983 ra iny season.
M a n y sma l l s torms ( < 2 5 m m ) had m i l d in tens i -
t ies, w i t h o u t any p r o m i n e n t peak. M e d i u m - s i z e d
storms (25-50 m m ) usua l ly s tar ted w i t h h i g h
intensi t ies, w i t h ano the r peak i n the m i d d l e o f
the s t o r m . La rge r s to rms ( > 5 0 m m ) had peak
intensi t ies ha l fway t h r o u g h the s t o r m , f o l l o w e d
by a ' t a i l ' o f m u c h lower in tens i ty . T h e highest
r a i n f a l l / s t o r m intensi t ies recorded in the 1983
ra iny season were 80 mm h
- 1
 over a 15-min
per iod o n o u r A l f i s o l watershed, and 5 1 m m h
- 1
over a 15-min pe r iod on the Ve r t i so l watersheds.
T h e mos t f requen t in tens i ty sustained f o r 15 m i n
ranged f r o m 12-15 m m h
- 1
.
F o r each ra i n event, we ca lcu la ted the t o t a l
k ine t i c energy f r o m the re la t i onsh ip between
in tens i ty and k ine t i c energy. T h e m o n t h l y to ta ls
o f k ine t i c energy f o r d i f ferent -s ized s to rms are
g iven in Tab le 17. Energy loads o f i n d i v i d u a l
s torms of 1.5 μJ m
- 2
 were c o m m o n .
Table 17. T o t a l kinetic energy (μ J m
- 2
) of storms of
different size classes in Alf isol watershed, I C R I S A T
Center, 1983.
Storm sizes (mm)
Mon th <13 13-25 26-37 38-50 >50 Tota l
Jun 0.0419 0.0998 - - 0.1417
Jul 0.0841 0.0732 0.0712 - 0.0023
Aug 0.1052 0.1292 0.0521 0.0695 0.1072 0.4634
Sept 0.0934 0.0981 - 0.1345 0.1004 0.4265
Oct 0.0211 0.0837 - 0.0627 0.1676
Nov 0.0006 - - - 0.0006
Dec 0.0034 0.0170 - - 0.0205
Total 1.6778 0.5010 0.1233 0.2667 0.2076 1.2226
T h e p r o d u c t o f k ine t i c energy (E ) o f a s t o r m ,
and its m a x i m u m ra in fa l l in tens i ty susta ined f o r
30 m i n ( I 3 0 ) , gives an index o f the e ros iv i t y o f a 
ra in s t o r m . T h e t o t a l f o r the w h o l e year p rov ides
a measure of the annua l e ros iv i t y at a g iven
Figure 9. T e m p o r a l distr ibution of ra infal l intensity dur ing storms, for storm sizes of < 25 , 25 -50 , and < 50 m m ,
Alf isol watershed, I C R I S A T Center , 1983.
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l o c a t i o n ; th is is the R f ac to r (E I 3 0 ) o f the U n i ve r -
sal So i l Loss E q u a t i o n .
We ca lcu la ted the e ros iv i t y i ndex f o r d i f fe ren t
sizes of s to rms in the 1983 ra iny season ( T a b l e
18). T h e d i s t r i b u t i o n o f E I 3 0 d u r i n g the year , f o r
t w o loca t ions a t I C R I S A T Center ( F i g . 10),
i den t i f i ed the mos t c r i t i ca l po ten t i a l e ros ion
pe r i od (Augus t -Sep tember ) and q u a n t i f i e d the
ra in fa l l e ros ion hazard f o r th is year. We need
such analyses f o r l o n g - t e r m ra i n fa l l records to
o b t a i n an average r a i n f a l l e ros iv i t y .
T h e a n n u a l E I 3 0 va lue o f 484 ind icates the
t o t a l hazard f o r the year. Th i s i s l o w c o m p a r e d
to g l o b a l values on an a n n u a l basis, b u t cons id -
erable i n the l i gh t o f o u r shor t r a i n y season. We
there fore suspect tha t E I 3 0 m a y no t be the best
index o f r a i n f a l l e ros iv i t y f o r the S A T . W e w i l l
con t i nue o u r studies on r u n o f f and so i l losses,
and m o n i t o r s t o r m character is t ics so tha t we can
de te rmine the re la t ionsh ips between so i l loss a n d
ra in fa l l -e ros i v i t y indices.
Hydrological Model ing and
Simulation
Vertisol Watersheds
Ear l ie r we descr ibed a r u n o f f m o d e l based on the
m o d i f i e d c u r v e - n u m b e r techn ique , and a so i l -
mo i s tu re a c c o u n t i n g p rocedure ( I C R I S A T
A n n u a l R e p o r t 1982, p p . 247-249). Th i s m o d e l
predic ts so i l -mo is tu re con ten t a n d d a i l y r u n o f f
f r o m smal l a g r i c u l t u r a l watersheds. We have
Figure 10. M o n t h l y values of erosivity index E I 3 0 , in
Al f isol and Vert isol watersheds, I C R I S A T Center ,
1983.
n o w comp le ted tes t ing and c a l i b r a t i n g the m o d e l
f o r va r ious l and -managemen t systems on the
Ver t i so l watersheds a t I C R I S A T Center . A b o u t
10-15 r u n o f f events are suf f ic ient to est imate the
t w o m a i n parameters o f the m o d e l .
O u r ear l ier tes t ing showed tha t the m o d e l was
usua l ly accurate f o r p r e d i c t i n g r u n o f f f r o m Ver -
t iso l watersheds. H o w e v e r , f o r some i n d i v i d u a l
Tab le 18. Erosivity I n d e x ( E I 3 0 ) o f ra infal l in Al f isol watershed, I C R I S A T Center , 1983.
S t o r m size ( m m )
M o n t h 0-12 12-25 25-37 37-50 > 5 0 T o t a l
J u n 5.5 38.1 - - - 43.6
J u l 11.3 11.6 16.2 - - 39.1
A u g 14.5 37.2 16.9 54.5 50.6 173.7
Sept 11.7 30.4 - - - 198.3
O c t 3.5 10.5 - 13.5 - 27.4
N o v 0.1 - - - - 0.1
D e c 0.1 2.0 - - - 2.1
T o t a l 46.7 129.7 33.0 131.7 143.0 484.2
A n n u a l E I 3 0 (%) 10 27 7 27 29 100
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s to rms , the m o d e l was no t accurate , appa ren t l y
because i n f i l t r a t i o n and r u n o f f are i m p r o v e d by
changes in soi l -sur face cond i t i ons . T h e s m o o t h -
ness of the land surface caused by ear l ier r u n o f f
events, and sma l l cracks f o r m e d in the soi l sur-
face on d r y i n g d u r i n g ra iny season are t w o
k n o w n fac tors . We have there fore m o d i f i e d the
o r i g i na l r u n o f f m o d e l t o a l l o w f o r the effects o f
such changes.
D u r i n g extended rainless per iods , the so i l sur-
face o f Ver t iso ls f requen t l y develops m a n y smal l
cracks tha t m a r k e d l y increase i n f i l t r a t i o n , and
reduce runo f f . T h e m o d e l est imates the negat ive
c o n t r i b u t i o n o f cracks to r u n o f f by:
Sr = α ∑
 n
1 E*, where
Sr = r u n o f f ' c rack ing ' ad jus tmen t f ac to r
( - m m ) , to be subt racted f r o m pre-
d ic ted r u n o f f f o r the nex t s t o r m .
α = a f u n c t i o n of the a m o u n t and type of
c lay in the so i l , and represents the
soil 's inherent tendency to c rack ; i t is
de te rmined by ca l i b ra t i on w i t h mea-
sured r u n o f f da ta .
∑
n
1E* = t o t a l evapora t i ve d e m a n d on the so i l
d u r i n g an ex tended rainless pe r i od .
n = the n u m b e r of days w i t h no ra i n or
w i t h r a i n f a l l less t h a n s o i l
evapo ra t i on .
Th i s co r rec t i on fo r c rack ing is app l ied on l y i f the
to ta l evapora t i ve demand ( ∑
n
1 E * ) exceeds 20
m m .
D e p e n d i n g on the a m o u n t o f r uno f f , l and
becomes smoo thed to v a r y i n g degrees. L a n d
smoothness created by a r u n o f f event is de-
scr ibed by:
Ls = (Q 1 )
0 . 5
 - 0.85, where
Ls = smoothness co r rec t i on ( m m ) created
by a r u n o f f event; i t has a m a x i m u m
value o f 4.5 m m .
Q1 = a m o u n t of p rev ious r u n o f f ( m m ) .
T h e ex ten t t o w h i c h land smoothness f r o m one
s t o r m affects r u n o f f f r o m the nex t s t o r m
depends on the re lat ive magn i tudes o f the t w o
r u n o f f events. T h e c o n t r i b u t i o n o f l and s m o o t h -
ness (Ls ) to r u n o f f is g iven by a fac to r (Rs) w h i c h
relates to Ls as f o l l ows :
Rs = Ls x Q 2 / Q 1 , where
Q 2 / Q 1 = a u t i l i za t i on fac to r , whose m a x i m u m
value is un i t y .
Q1 = r u n o f f f r o m ear l ier s t o r m caus ing the
smoothness.
Q 2 = r u n o f f on the day o f ca l cu la t i on .
These t w o changes m a r k e d l y i m p r o v e d the
per fo rmance o f the mode l i n p red i c t i ng the da i l y
r u n o f f (Tab le 19), as wel l as m o n t h l y and a n n u a l
runo f fs .
A l f i s o l Watersheds
We i n i t i a l l y ca l ib ra ted ou r m o d e l and tested i t
us ing hyd ro log i ca l data gathered f r o m t w o deep-
A l f i s o l watersheds a t I C R I S A T Center over the
f o u r years 1976-79. We used the 1978 da ta to
ca l ib ra te the m o d e l , because we exper ienced the
best range of s t o r m sizes in this year; the o ther 3 
years ' data were used to test i t . On A l f i so l s , 15-20
r u n o f f events appear to be suf f ic ient to accu-
rate ly ca l ib ra te the m o d e l .
Table 19. Ac tua l and predicted runof f w i th and w i th -
out changes in soil surface conditions, deep Vert isol
watershed, I C R I S A T Center, 1976-79.
R u n o f f ( m m )
Pred ic ted ( m m )
R a i n f a l l A c t u a l O r i g i n a l M o d i f i e d
Year ( m m ) ( m m ) m o d e l
1
m o d e l
2
1976 110 27 36 28
1977 80 0 10 2
1978 216 170 160 167
1978 14 9 4 9
1979 32 6 5 6
1980 34 3 2 3
1980 207 108 90 102
1 . W i t h o u t c o r r e c t i o n s f o r f i n e c racks o r l a n d s m o o t h n e s s .
2 . W i t h c o r r e c t i o n s f o r f i n e c r a c k s o r l a n d s m o o t h n e s s .
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T h e m o d e l pred ic ts a n n u a l r u n o f f f r o m t w o
A l f i s o l watersheds (Tab le 20) w i t h reasonable
accuracy. I t is also able to sa t is fac tor i l y p red ic t
r u n o f f f o r some i n d i v i d u a l large and m e d i u m
r u n o f f events f r o m a b r o a d b e d - a n d - f u r r o w
( B B F ) system (Tab le 21).
T h e m o d e l f o r A l f i so l s is less accurate f o r
p red i c t i ng some da i l y r u n o f f events, especial ly
w h e n the soi l surface has d r ied since the p rev ious
r a i n . T h e m a i n reason seems to be the deve lop -
men t o f surface crusts w h i c h g rea t ly reduce i n f i l -
t r a t i o n . We are deve lop ing a sub rou t i ne to m a k e
cor rec t ions f o r the effect o f surface c rus t ing .
Soil-Management Studies on Alfisols
Shallow Til lage
D u r i n g the ear ly p a r t o f a r a i ny season, A l f i so l s
lose m u c h o f the i r r a i n f a l l i n r u n o f f caus ing
apprec iab le so i l loss. T h i s occurs even w h e n the
soils are i n i t i a l l y ex t reme ly d r y and m i g h t be
expected to r a p i d l y abso rb water . T h e h i g h
r u n o f f on A l f i so l s i s due to surface crusts, w h i c h
are caused by the i m p a c t o f r a i nd rops on bare
so i l , and subsequent r eo r i en ta t i on o f f i ne so i l
par t ic les. S h a l l o w t i l lage to b reak the crust in
a d d i t i o n t o n o r m a l i n te rcu l t i va t i ons f o r weed
c o n t r o l i m p r o v e s i n f i l t r a t i o n , a t l eas t
t e m p o r a r i l y .
We measured the effect o f sha l l ow t i l l age , by
a d d i t i o n a l i n t e r r o w cu l t i va t i ons , o n r u n o f f a n d
soi l loss f o r three ra i ny seasons, 1981-83 ( T a b l e
22). S h a l l o w t i l lage reduced seasonal r u n o f f in
Tab le 2 1 . A c t u a l and predicted runof f ( m m ) f r o m
large- and medium-sized runo f f events on an Al f iso l
watershed under B B F ( 0 . 6 % slope) land management ,
I C R I S A T Center , 1976-79.
R a i n f a l l
( m m )
R u n o f f ( m m )
Y e a r A c t u a l P r e d i c t e d
1976 169 98 89
91 42 45
25 10 9
1977 35 13 13
52 17 20
1978 217 163 162
51 17 19
30 10 12
28 6 6
26 7 7
25 8 9
1979 54 23 25
52 31 37
Table 22 . Effect of shallow til lage in addi t ion to nor-
m a l ti l lage for weed contro l , on runof f and soil loss
f r o m a n A l f iso l , I C R I S A T Center , 1981-83.
T i l l a g e R a i n f a l l R u n o f f S o i l loss
Y e a r t r e a t m e n t ( m m ) ( m m ) ( k g h a
- 1
)
1981 N o r m a l
1 1092 246 5.0
A d d i t i o n a l
2
223 4.9
SE ±10.6 ±0.34
1982 N o r m a l 780 159 3.1
A d d i t i o n a l 120 2.6
S E ±8.0 ±0.33
1983 N o r m a l 990 231 4.2
A d d i t i o n a l 196 4.0
SE ±12.3 ±0.24
1 . T w o i n t e r - r o w c u l t i v a t i o n s .
2 . T w o a d d i t i o n a l s h a l l o w i n t e r - r o w c u l t i v a t i o n s .
Table 20 . Ac tua l and predicted seasonal runof f ( m m )
f r o m t w o deep-Alf isol watersheds, I C R I S A T Center ,
1976-79.
L a n d
m a n a g e m e n t
sys tem Y e a r
R a i n f a l l
( m m )
R u n o f f ( m m )
A c t u a l P red i c ted
B B F
0 . 6 % s lope
F l a t c u l t i v a t e d ,
g r a d e d w i t h b u n d s
( 0 . 6 % s lope )
1
1976
1977
1978
1979
1976
1977
1978
685
563
1071
733
631
549
1038
191
80
358
235
139
44
208
179
98
365
205
116
54
229
1 . R u n o f f n o t r e c o r d e d i n 1979.
A c t u a l P red i c ted
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a l l three years bu t d i d no t s ign i f i can t l y reduce
soi l loss in any year. I t increased cereal y ie lds by
13-16% in 1982 and 1983 (Tab le 23). S h a l l o w
t i l lage d i d n o t increase c rop yie lds in 1981, p r o b -
ab ly because h i gh ra i n fa l l ear ly in the ra iny sea-
son e l i m i n a t e d the need f o r a d d i t i o n a l
i n f i l t r a t i o n .
We conc lude tha t , in years when ear ly ra ins
are p o o r , a d d i t i o n a l sha l low t i l lage can be effec-
t ive i n increas ing c rop yie lds by p r o m o t i n g i n f i l -
t r a t i o n on A l f i so l s . A d d i t i o n a l l y , the loose t o p
soi l w o u l d also decrease e v a p o r a t i o n loss d u r i n g
ex tended rainless per iods.
Long-Term Effects of Subsoiling an Alfisol
T i l l age research on A l f i so ls in the past has s h o w n
tha t the effect o f t i l lage is no t l o n g las t ing ,
because of the r a p i d deve lopment of a crust on
the soi l surface. Crusts l i m i t c r op yields by
reduc ing emergence and ra i n fa l l i n f i l t r a t i o n i n t o
the so i l . Howeve r , we suspect tha t compac t sub-
soi l layers may also l i m i t c rop y ie lds and tha t
loosen ing the subsoi l may have a l onge r - te rm
effect t h a n surface t i l lage.
We started an exper imen t to evaluate the
l ong - t e rm effect o f subso i l ing an A l f i s o l . F o r
th is , we used conven t i ona l deep r ippers d r a w n
by heavy t rac to rs ; the r i p p i n g t ines, spaced 1 m 
apar t , shat tered the soi l to a dep th of 50-60 cm
Table 23. Effect on grain yield ( k g ha
- 1
) of shallow
tillage in addi t ion to norma l ti l lage for weed contro l ,
A l f iso l , I C R I S A T Center , 1981-84.
G r a i n y ie ld ( k g ha
- 1
)
1981-82 1982-83 1983-84
Tillage
treatment
Sole
sorghum
Intercrop
sorghum pigeonpea
Sole pearl
millet
N o r m a l
1
A d d i t i o n a l
2
S E
2350
2360
±50
2260 925
2620 930
±25 ±41
2620
2970
±32
1 . T w o i n t e r - r o w c u l t i v a t i o n s .
2 . T w o a d d i t i o n a l s h a l l o w i n t e r - r o w c u l t i v a t i o n s .
but d i d no t inver t i t . We t r ied three subso i l i ng
t reatments : n o r m a l t i l lage (T 1 ) , n o r m a l t i l lage
w i t h subso i l ing every year (T 2 ) , and n o r m a l t i l l -
age w i t h subso i l ing every 3rd year (T 3 ) . We
started the expe r imen t in 1984 by subso i l i ng T 2
and T 3 , then t i l l i n g the soi l i n a l l t rea tments in the
usual way p r i o r t o sow ing maize (Deccan H y b r i d
103) on 19 June ; we harvested the c r o p on 25
September. W e measured T D M , g r a i n y i e l d , leaf
area, soi l b u l k dens i ty , r oo t dens i ty , and r a i n f a l l
i n f i l t r a t i o n .
T o t a l r a i n d u r i n g the c r o p p i n g pe r i od was 334
m m ; d r o u g h t stress severely l im i t ed c r o p g r o w t h ,
resu l t ing i n l o w yields o f g ra in and T D M . S u b -
so i l ing increased g ra in y ie ld f r o m 280 kg h a
- 1
 i n
T1 to 510 kg ha
- 1
 f o r the mean of T2 and T3 ( S E = 
± 87), and T D M f r o m 1590 to 2290 kg ha
- 1
 ( S E = 
± 122). Subso i l i ng increased L A I s ign i f i can t l y (P
< 0.05) at 50 D A E ( F i g . 11) and cons is tent ly
increased (P < 0.10) T D M ( F i g . 12).
Subso i l i ng resulted in bet ter r o o t p r o l i f e r a -
t i o n , especial ly a t greater depths (Tab le 24). B u t
we cou ld no t detect increased soi l b u l k dens i ty ,
w h i c h was measured at 10-cm dep th increments
s im i la r to the sampl ings fo r r o o t dens i ty . B u l k
densi ty values f o r the va r ious depths ranged
f r o m 1.66 to 1.77 g c m "
3
 in the c o n v e n t i o n a l l y
t i l led p ro f i l e , and 1.48 to 1.72 g c m
- 3
 in the
subsoi led p ro f i l e .
We measured wa te r i n f i l t r a t i o n i n t o the soi l
Figure 1 1 . Effect of subsoiling an Alf isol on leaf area
index ( L A I ) o f maize , I C R I S A T Center, rainy season
1984.
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Tab le 24 . Effect of subsoiling on root density (cm
cc
- 1
) a t 89 days after emergence ( D A E ) of maize (cv
Deccan H y b r i d 103) o n a n Al f iso l , I C R I S A T Center ,
rainy season 1984.
S o i l d e p t h
( c m )
R o o t dens i t y ( c m cc
- 1
)
S u b s o i l i n g N o r m a l t i l l age S E
0-10 0.55 0.42 ±0.072
10-20 0.29 0.21 ±0.022
20-30 0.20 0.09 ±0.034
30-40 0.15 0.10 ±0.028
40-50 0.12 0.06 ±0.016
50-60 0.14 0.05 ±0.039
Limited Irr igat ion for Rainy-Season Crops
D r y l a n d c r o p p i n g on A l f i so l s i s genera l ly re-
st r ic ted to the ra iny season, because the i r l o w
w a t e r - h o l d i n g capac i ty does no t p r o v i d e su f f i -
c ient mo i s tu re to s u p p o r t c rops f o r l o n g a f te r the
rains cease. Even d u r i n g the ra i ny season, c rops
c o m m o n l y exper ience m i l d t o severe d r o u g h t
stress depend ing on va r i a t i ons in the a m o u n t
and d i s t r i b u t i o n o f r a i n fa l l . S u p p l e m e n t a r y i r r i -
g a t i o n cou ld increase c r o p yie lds subs tan t ia l l y .
W a t e r cou ld be made ava i lab le f o r i r r i g a t i o n by
co l l ec t i on o f t ha t pa r t o f the r a i n fa l l t ha t is lost as
r u n o f f (20-25%, on average). Strategies w o u l d
then be needed to schedule i r r i ga t i ons to o p t i -
mize c rop p r o d u c t i o n . I r r i g a t i n g o n l y a f r ac t i on
of the t o t a l l and area has been p roposed as a 
means to i m p r o v e the overa l l w i t h i n - f i e l d use o f
r a i n f a l l , r u n o f f , and i r r i g a t i o n water .
T h e l i m i t e d - i r r i g a t i o n d r y l a n d ( L I D ) c o n -
cep t—deve loped b y Texas A & M Un ive rs i t y
f o r o p t i m u m use o f l im i t ed a m o u n t s o f i r r i g a t i o n
water to supplement ra in fa l l— invo lves the d i v i -
s ion of a f ie ld by its slope i n t o three sect ions,
each w i t h a d is t inc t water reg ime. T h e upper -
most sect ion is conven t i ona l l y i r r i ga ted ; the m i d -
dle sect ion receives pa r t i a l i r r i g a t i o n f r o m ' ta i l
water r u n o f f , i.e., excess water f r o m the upper -
most sect ion; the lowest sect ion is managed as
d r y l a n d , but receives n o r m a l ra i n fa l l r uno f f , and
d u r i n g the d r y season, one m o n t h af ter harvest .
Subso i l i ng increased i n f i l t r a t i o n ( F i g . 13). T h e
steady-state i n f i l t r a t i o n rates 150 m i n a f ter the
star t of i n f i l t r a t i o n measurements were 0.3 ± 0.0
cm h
- 1
 f o r the conven t i ona l l y t i l l ed t rea tmen t ,
and 1.4 ± 0.55 cm h
- 1
 f o r the subsoi led t rea tments
and the accumu la ted a m o u n t s o f wa te r i n f i l -
t ra ted at th is t ime were 4.1 ± 0.97 cm f o r T1 a n d
8.6 ± 2.37 f o r T2 and T 3 . Because the effect of
subso i l i ng persisted t h r o u g h o u t th is f i rs t r a i ny
season, and there is usua l ly very l i t t l e r a i n a f ter
the end o f the southwest m o n s o o n , we expect
tha t the subso i l i ng w i l l s t i l l be ef fect ive a t the
beg inn ing o f the nex t ra iny season.
Figure 13. Effect of subsoiling an Alf isol on inf i l t ra-
t ion rate and accumulated in f i l t ra t ion, I C R I S A T
Center , ra iny season 1984.
F igure 12. Effect of subsoiling an Alf isol on tota l dry
matter ( T D M ) product ion o f maize ( k g h a
- 1
) , I C R I -
S A T Center, rainy season 1984.
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perhaps some i r r i g a t i o n r u n o f f f r o m the upper
sections. These d i f fe ren t water - reg ime manage-
men t sections m a y requ i re d i f fe ren t c r o p p i n g
systems, sow ing densit ies, and fer t i l i zer rates.
We there fore in i t i a ted management exper iments
on an A l f i s o l in the 1984 ra i ny season.
In ear ly J u l y , we sowed t w o s o r g h u m cu l t i vars
( S P V 351 and S P H 221) a t three p o p u l a t i o n
densit ies (60, 120, and 180 x 10
3
 p lants h a
- 1
, a n d
app l ied N and P fer t i l izers at three levels
(55N:20P , 120N:30P, and 200N:50P in kg ha
- 1
)
t o each o f the L I D i r r i g a t i o n regimes. These
consisted o f consecut ive 20 -m l ong str ips i r r i -
gated as descr ibed above. R u n o f f v o l u m e f r o m
each sect ion was measured us ing a mu l t i s l o t d i v i -
sor. We began reco rd ing r u n o f f on 9 A u g u s t ,
and harvested the so rghum on 17 September.
Between sow ing and harvest on l y 435 mm ra in
fe l l . N o n e fe l l between 10 A u g u s t and 10 Sep-
tember and the d r y l a n d sect ion d i d no t receive
any water d u r i n g th is t ime . O f the t o t a l 255 mm
water app l ied to the i r r iga ted sect ion, o n l y one-
t h i r d was reta ined by the so i l , and the r e m a i n i n g
167 mm was lost as r u n o f f to the ta i l -wa te r
r u n o f f sect ion; n o i r r i g a t i o n r u n o f f f r o m the t o p
sect ion reached the d r y l a n d sect ion. On the t o p
and m idd le sect ions, abou t 5 0 % o f the r a i n f a l l
was reta ined by the soi l and the rema inder lost as
runof f . M o r e ra in fa l l (68%) i n f i l t r a ted i n t o the
soi l o f the lowest sect ion, thus its r u n o f f loss was
lower .
As expected, especial ly f o r a season w i t h a 
p r o l o n g e d m i d - s e a s o n d r o u g h t , i r r i g a t i o n
m a r k e d l y increased s o r g h u m g r a i n y ie ld and its
response to fe r t i l i zer inpu ts and p o p u l a t i o n d e n -
s i ty (Tab le 25). I n the i r r i ga ted sec t ion , S P H 221
g ra in y ie ld exceeded 4000 kg ha
- 1
 at a l l 3 p o p u l a -
t i o n densit ies f o r the t w o h igher fe r t i l i ze r levels,
w h i c h on average increased y ie ld by 7 0 % over
tha t o f the lowest fe r t i l i zer level . S P V 351 y ie lded
less, and responded less to fer t i l i zer . Responses
to fe r t i l i ze r were l ower i n the ta i l -wa te r r u n o f f
Table 25. Effect of three i r r igat ion regimes on grain yield ( kg h a
- 1
) of t w o sorghum cultivars grown at three
populat ion densities w i th three levels of added fert i l izer, A l f iso l , I C R I S A T Center , rainy season 1984.
C u l t i v a r
S P V 351 S P H 221
I r r i g a t i o n
reg ime
Fer t i l i ze r
leve l
1
60
P o p u l a t i o n (10
3
 ha
- 1
)
120 180
P o p u l a t i o n (10
3
 ha
- 1
)
60 120 180
I r r i g a t e d F1
F 2
F3
2560
3280
4400
2530
3540
3130
2710
3700
3260
2460
4290
4890
2220
4310
4620
3700
4780
5110
SE ±257
T a i l - w a t e r r u n o f f F1
F 2
F 3
2950
3660
3870
1930
3870
3200
3260
3640
3260
2980
3920
3760
3180
4580
4340
4020
4740
4390
S E ±322
D r y l a n d F1
F2
F3
2140
2260
2220
2570
2750
1840
2460
2700
2820
2780
3240
3140
2930
3310
2470
3090
3240
3640
S E ±292
1. F1 = 55 k g N a n d 20 k g P h a
- 1
.
F 2 = 120 k g N a n d 30 k g P h a
- 1
.
F 3 = 2 0 0 k g N a n d 50 k g P h a
- 1
.
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sect ion, a n d were n o t s ta t is t ica l ly s ign i f i can t f o r
the d r y l a n d sect ion. O n the t w o be t te r -watered
sect ions, increased p o p u l a t i o n dens i ty tended to
increase y ie ld o f S P H 2 2 1 , b u t n o t o f S P V 3 5 1 ;
l o w e r p o p u l a t i o n densit ies however , d i d n o t
increase c r o p y ie lds on the d r y l a n d sec t ion ,
w h i c h c o u l d have been expected in such a d r y
year.
These p r e l i m i n a r y results show tha t i m p l e -
m e n t a t i o n o f the L I D concept there fore requires
d i f fe ren t c r o p managemen t t o m a t c h the d i f f e r -
ent so i l -mo is tu re regimes. L o w p o p u l a t i o n d e n -
sities a n d l o w fe r t i l i ze r i npu t s are adequate f o r
the d r y l a n d sect ion. B u t the i m p r o v e d wa te r
reg ime on the i r r i ga ted and ta i l -wa te r r u n o f f
sect ions w i l l m e r i t h igher i npu ts o f nu t r i en ts
depend ing on so i l n u t r i e n t status a n d , depend ing
on cu l t i va r character is t ics , c o u l d perhaps sup-
p o r t h igher p l an t p o p u l a t i o n s .
Recycling Runoff
Windmill Evaluation
In 1983 a n d 1984, we made p r e l i m i n a r y ope ra -
t i o n a l tests on a w i n d m i l l , because th is is a l o w -
cost m e t h o d o f recyc l ing r u n o f f wa te r f r o m o u r
watersheds. T h e w i n d m i l l was designed a n d
m a n u f a c t u r e d by the Ins t i t u te o f Eng inee r i ng
and R u r a l T e c h n o l o g y , A l l a h a b a d , and was
supp l ied b y the C o m m i s s i o n f o r A d d i t i o n a l
Sources o f Energy , D e p a r t m e n t o f Science and
T e c h n o l o g y , N e w D e l h i , t h r o u g h the R u r a l E lec-
t r i f i c a t i o n B r a n c h o f A n d h r a Pradesh E lec t r i c i t y
B o a r d , t o test i ts pe r f o rmance a t I C R I S A T
Center .
We insta l led the w i n d m i l l so t ha t i t c o u l d
supp ly an o r c h a r d w i t h wate r f r o m a nearby
t a n k , w h i c h p r o v i d e d a regu lar supp l y o f wa te r
t h r o u g h o u t the year a t an average head o f 6 m .
W e measured the t o t a l v o l u m e o f wa te r p u m p e d ,
and the t o ta l r u n - o f - w i n d , between A u g u s t 1983
and M a r c h 1984, except w h e n repai rs were
necessary f o r b r i e f per iods in Sep tember and
December 1983, and J a n u a r y 1984. D a i l y o u t p u t
f l uc tua ted cons iderab ly because o f va r i a t i ons i n
average w i n d ve loc i t y ( F i g . 14). H o w e v e r , aver-
age p u m p i n g d ischarge rate was h i gh even on
days w h e n the average w i n d ve loc i t y was qu i t e
l ow . T h e pe r fo rmance was qu i te sa t is fac tory
w i t h an average o u t p u t over the ent i re pe r i od o f
a b o u t 4000 L h
- 1
 f o r an average w i n d speed o f
a p p r o x i m a t e l y 7.5 km h
- 1
.
T h e w i n d m i l l p u m p e d suf f ic ient wa te r f o r
Figure 14. Average discharge rate of a wind-operated water p u m p , and average w ind velocity, I C R I S A T Center ,
September 1 9 8 3 - M a r c h 1984.
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week ly i r r i ga t i ons o f tomatoes ( loca l ) and maize
(Deccan H y b r i d 101) g r o w n on 0.7 ha o f l and
d u r i n g the pos t ra iny season 1984. T h e yields
were 3600 kg h a
- 1
 maize and 8560 kg ha
- 1
t omatoes .
F u r t h e r eva luat ions o f p u m p i n g ef f ic iency
requ i re c o n t i n u o u s record ings o f p u m p i n g rate
and w i n d speed. P r o b a b i l i t y analysis o f the w i n d
speed w o u l d a l l o w us to calculate the re l i ab i l i t y
o f wa te r o u t p u t .
P r e l i m i n a r y test ing o f the w i n d p u m p i n g sys-
t em revealed a n u m b e r o f ope ra t i ona l p rob lems :
1. P u m p main tenance was d i f f i cu l t , because i t
was be low water - leve l . We there fore raised
the p u m p to g r o u n d level ,and insta l led a 
f lex ib le suc t ion p ipe f i t ted w i t h a su i tab le
f o o t va lve.
2. Excessive wear in a n u m b e r of the m o v i n g
parts i n the d r i ve mechan ism f r o m the r o t o r
ind ica ted the need f o r rep lacement w i t h
a l ternat ives made f r o m harder steel.
Evaluat ion of Low-Cost Tank Sealants
Ear l ie r , we exam ined the pe r fo rmance o f va r ious
l in ings f o r 1.3 m
3
-smal l p i ts in an A l f i s o l w i t h a 
l o w conten t (15%) o f f ine part ic les (s i l t p lus
clay). Seepage rates were h igh . L i n i n g the p o n d
w i t h a 10:1 so i l / cemen t m i x t u r e reduced the
seepage rate by abou t 97%. Th i s l i n i n g per-
f o r m e d consis tent ly we l l wh i l e the p i t was kept
con t i nuous l y f i l l ed w i t h water . Bu t af ter e m p t y -
ing and a l l o w i n g the l i n i n g to d r y , i t deve loped
cracks, thus reduc ing its effectiveness.
We examined t reatments designed to m i n i -
mize seepage rates, by c o n t r o l l i n g the c r a c k i n g
o f the so i l / cemen t l i n i n g i n i n t e rm i t t en t l y - f i l l ed
pi ts . We de te rm ined t e r m i n a l seepage rates in 4 
un l i ned pi ts f r o m da i l y seepage measurements
over a 15-day pe r i od . On these ca l ib ra ted p i ts ,
we then imposed the f o l l o w i n g l i n i n g t rea tments :
P 1 . C o n t r o l (un l ined)
P2 . L i n e d w i t h p la i n so i l / cemen t l i n i n g (no
c o n t r a c t i o n j o i n t s )
P3 . S o i l / c e m e n t m i x t u r e la id in 40 x 40 cm
blocks , leav ing a 2-cm w ide c o n t r a c t i o n
j o i n t later f i l l e d w i t h aspha l t .
P4. P l a i n so i l / cemen t m i x t u r e l a i d as a 
s m o o t h l i n i n g ; scored to ha l f the l i n i n g
dep th w h e n mo i s t t o create 0 .5 -cm w i d e
c o n t r a c t i o n j o i n t s la ter f i l l ed w i t h aspha l t
on a 40 x 40 cm g r i d .
A f t e r a p p l y i n g the l i n i n g t rea tments , we kep t the
f o u r pi ts f i l l ed w i t h water and m o n i t o r e d the
seepage rate da i l y f o r 15 days. We then emp t i ed
the water f r o m the p i ts , and a l l o we d the l i n ings
to d r y f o r 30 days. We imposed 2 subsequent
cycles of seepage measurement f o r 15 days f o l -
l owed by d r y i n g f o r 30 days.
The s m o o t h so i l / cement l i n i n g (P 2 ) deve loped
1- to 3 - m m w ide cracks. T h e c o n t r a c t i o n j o i n t s
a lmost comple te ly prevented c rack ing between
the j o i n t s in P 3 and P4. T h e seepage-rate m e a -
surements (Tab le 26) show tha t s o i l / c e m e n t l i n -
i ng w i t h 0.5-cm wide aspha l t - f i l l ed c o n t r a c t i o n
j o i n t s (P4 ) pe r fo rmed best; l ay ing s o i l / c e m e n t
b locks separated by 2-cm w ide aspha l t - f i l l ed
con t rac t i on j o i n t s was no t any m o r e ef fect ive f o r
seepage c o n t r o l t han the cement l i n i n g w i t h
scored c o n t r a c t i o n j o i n t s f o r c o n t r o l o f c rack ing .
O n - S t a t i o n O p e r a t i o n a l
Research
E q u i p m e n t D e v e l o p m e n t
Pesticide Sprayer
C o n v e n t i o n a l knapsack sprayers requ i re large
vo lumes of water , up to 400-600 L ha
- 1
 o f spray
s o l u t i o n , w h i c h causes cons iderable ha rdsh ip to
S A T fa rmers because they usual ly have to ca r ry
clean wate r l o n g distances. R e d u c t i o n in the
a m o u n t o f water needed to app l y pesticides is
h igh l y desirable. We began test ing, in coopera -
t i o n w i t h C r o p p i n g Systems E n t o m o l o g y , the
l o w v o l u m e ( L V ) , and a n u l t r a - l o w v o l u m e
( U L V ) sprayer m o u n t e d on a b u l l o c k - d r a w n
wheeled t o o l car r ie r ( W T C ) .
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Table 26 . Effect of various soi l /cement l ining treatments on reducing seepage f r o m small pits in an A l f iso l ,
I C R I S A T Center , 1983.
T e r m i n a l seepage R e d u c t i o n i n
ra te ( m m d a y
- 1
) seepage ra te (%)
P i t
n o .
L i n i n g F i l l i n g s F i l l i n g s
M a t e r i a l J o i n t s C a l i b r a t i o n
1 1st 2 n d 3 r d 1st 2 n d 3rd
P1
-
2 -
2
192 190 192 189 1 0 2
P2 10:1 S o i l / c e m e n t
l a i d s m o o t h
- 190 6 15 15 97 92 92
P3 10:1 S o i l / c e m e n t ,
l a id in 40 x 40 cm
square b l ocks
2 c m , aspha l t -
f i l l ed
178 18 25 28 90 86 84
P4 10:1 S o i l / c e m e n t
l a i d s m o o t h
a n d sco red
3
0.5 c m , aspha l t -
f i l l ed
185 7 8 7 96 96 96
1 . M e a s u r e d b e f o r e i m p o s i n g l i n i n g t r e a t m e n t s .
2. - = n o t u s e d .
3 . S l i t s e rec ted by s c o r i n g l ines to h a l f - d e p t h on a 40 * 40 cm g r i d .
These t w o sprayers d i f f e r in the mechan i sm
used to p roduce the smal l d rop le ts necessary to
achieve g o o d p lan t coverage, us ing very sma l l
vo lumes o f spray m i x per hectare. I n the L V
sprayer , the spray m i x is fo rced at h i g h pressure
t h r o u g h a f ine j e t ; in the U L V sprayer , a t r i c k l e
of spray fal ls on to a r a p i d l y - s p i n n i n g disc, tha t
t h r o w s o f f un i f o rm-s i zed d rop le ts . D r o p l e t size
can be con t ro l l ed by chang ing the disc's r o t a t i o n
speed, hence i ts a l te rnate n a m e — c o n t r o l l e d
d rop le t app l i ca to r ( C D A ) . T h e L V sprayer
can w o r k ef fect ively w i t h as l i t t l e as 70 L 
spray h a
- 1
, b u t has the d isadvantage tha t its very
f ine jets are p rone t o b lockages. T h e U L V
sprayer has the c o m b i n e d advantage t ha t the
a m o u n t o f spray s o l u t i o n can be reduced to less
t h a n 10 L h a
- 1
, and j e t b lockages are less
c o m m o n .
B o t h spray un i ts were m o u n t e d on a W T C
w i t h a 4 .5 -m w ide spray b o o m tha t c o u l d be
adjusted to spray a t heights f r o m 65 to 235 cm
f r o m the g r o u n d . T h e LV sprayer has 6-8 je ts per
b o o m , and a cha in f r o m one whee l dr ives the
rec ip roca t ing p u m p tha t del ivers spray s o l u t i o n
to the spray nozzles at a pressure of 275 k P a . T h e
nozzle used to spray pest ic ide o n t o 3 rows of
p igeonpea i s s h o w n in F igu re 15. F o r the U L V
spray we m o u n t e d 3 sp inn ing-d isc assemblies
( A m e r i c a n S p r i n g and Pressing W o r k s , B o m -
bay) on the b o o m . T h e sp inn ing-d isc assemblies
were d r i ven by electr ic m o t o r s , powered by a 6 V 
car ba t te ry w i t h suf f ic ient charge to operate c o n -
t i nuous l y f o r ha l f a w o r k i n g day .
We began tests on b o t h sprayers in a 3-ha
pigeonpea f i e l d a t I C R I S A T Center , and on the
U L V sprayer a t o u r o n - f a r m research l o c a t i o n a t
F a r h a t a b a d , K a r n a t a k a . B o t h machines had a 
f ie ld capac i ty o f a p p r o x i m a t e l y 0.85 ha h
- 1
, and
the i r ef f ic iency in c o n t r o l l i n g Heliothis armigera 
is be ing assessed.
Planter Development
We prev ious ly concent ra ted on i m p r o v i n g seed-
i n g and fe r t i l i zer equ ipmen t a t tached to a W T C
such as the T r o p i c u l t o r o r N i k a r t ( I C R I S A T
A n n u a l R e p o r t 1983, pp.268-272). Fa rmers ,
however , w a n t a s imple b u l l o c k - d r a w n mach ine
t h a t they can easi ly ad just and use, to sow the i r
crops and a p p l y fe r t i l i zer , w i t h o u t h a v i n g t o b u y
a separate W T C . Based on farmers* c o m m e n t s ,
we in i t i a ted the deve lopmen t o f an independen t
p lan ter .
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Figure 15. Nozz le arrangement for spraying pigeonpea wi th the LV sprayer.
Figure 16. Trainee f r o m M a l i watching the independent planter and ferti l izer applicator in operat ion on a 
Vert isol , I C R I S A T Center, 1984.
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F i g u r e 16 shows a p lan te r deve loped a n d
tested a t I C R I S A T Center f o r s o w i n g r a i n y - a n d
post ra iny-season c rops . T h i s u n i t has a s imp le
l i gh t f r a m e made f r o m h o l l o w square and rect-
angu la r steel sect ions, and is suppo r t ed on t w o
60-cm d iamete r steel wheels. Fe r t i l i ze r a n d seed
fa l l f r o m a two-sec t ioned h o p p e r o n t o the f u r -
r o w openers t h r o u g h telescopic tubes made o f
p last ic t o m i n i m i z e we igh t and c o r r o s i o n . Each
o f the d o u b l e - f u r r o w openers can ' f l oa t ' , t hus
a l l o w i n g a u n i f o r m d e p t h o f seeding on uneven
l a n d , because they are p i v o t e d on a h o l l o w
square ba r i n the f r o n t o f the p lan te r .
We tested the p lanter 's p e r f o r m a n c e s o w i n g
f ive c r o p s — g r o u n d n u t , ma ize , s o r g h u m , p i g e o n -
pea, a n d ch ickpea on an e x p e r i m e n t a l scale, a n d
its robustness and f l e x i b i l i t y on an o p e r a t i o n a l
scale.
F o r a l l c rops except ch i ckpea , we ach ieved
stand estab l ishments close to the r e c o m m e n d e d
p lan t p o p u l a t i o n s (Tab le 27). A t least 5 0 % o f the
p lants were w i t h i n the requ i red spac ing l i m i t s ,
a n d e x c l u d i n g ch ickpea , over 7 5 % were w i t h i n
the l im i t s o f a ' g o o d ' spac ing (F igs . 17a-e). T h e
apprec iab le n u m b e r o f p lan ts w i t h spacings t w o
to three t imes greater t h a n the mean were caused
by fa i l u re o f 10-20% o f seeds to emerge. T h e
results were n o t sa t is fac tory f o r ch i ckpea
because o u r s o w i n g rate was less t h a n t ha t
r e c o m m e n d e d .
We tested the endurance o f the p lan te r by
us ing i t on an o p e r a t i o n a l scale to sow large
areas o f l a n d . We sowed 5 ha in the r a i n y season
a n d 15 ha in the pos t r a i ny season w i t h t w o
mach ines . T h e c rops s o w n were sole s o r g h u m ,
maize , ch i ckpea , and sa f f l ower , and a s o r g h u m /
p igeonpea i n t e r c rop .
T a b l e 27 . P l a n t popu la t ion achieved for f ive crops sown using a low-cost p lanter , Ver t iso l , I C R I S A T Center ,
postrainy season 1984.
P o p u l a t i o n P o p u l a t i o n
r e c o m m e n d e d Seeds s o w n ach ieved
C r o p C u l t i v a r ( h a
- 1
) ( h a
- 1
) ( h a
- 1
)
G r o u n d n u t R o b u t 33-1 3 3 0 0 0 0 3 7 0 0 0 0 3 1 7 0 0 0
M a i z e D e c c a n 103 6 0 0 0 0 5 9 0 0 0 5 4 0 0 0
S o r g h u m C S H 5 180000 2 7 0 0 0 0 180000
C h i c k p e a A n n i g e r i 3 3 0 0 0 0 3 1 7 0 0 0 2 7 2 0 0 0
P i g e o n p e a I C P 16 5 0 0 0 0 8 3 0 0 0 5 9 0 0 0
A p p l y i n g ferti l izer ( lef t ) and seed ( r igh t ) using an
at tachment to the bu l lock -drawn A g r i b a r , Ver t isol
watershed, I C R I S A T Center , ra iny season 1984.
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Figure 17. I n t r a r o w distr ibut ion of plants using the
independent planter for a. groundnut , b. maize ,
c. so rghum, d. pigeonpea, and e. chickpea.
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T h e p lanter 's overa l l pe r f o rmance was very
sat is fac tory . I t c o u l d sow one ha in 4 to 6 h on the
B B F system. We w i l l make f u r t h e r tests on an
ope ra t i ona l scale a t o u r o n - f a r m loca t ions .
We have prepared a comp le te set of engineer-
i n g d raw ings o f the p lan te r , and supp l ied these to
one m a n u f a c t u r e r i n I n d i a f o r l i m i t e d p r o d u c -
t i o n . M a c h i n e s f r o m th is manu fac tu re r w i l l be
used f o r o n - f a r m test ing.
Low-Cost Toolbar
We in i t i a ted deve lopmen t o f a s imp le t o o l b a r to
p r o v i d e a cheaper a l te rna t i ve to the T r o p i c u l t o r
o r N i k a r t f o r the S A T fa rmer . T h e resu l tan t
A g r i b a r i s l igh ter in we igh t ( o n l y 80 kg ) , s imp le
in c o n s t r u c t i o n , a n d easy to hand le , bu t does no t
sacr i f ice the versa t i l i t y o f a W T C ( F i g . 18). T h e
i m p l e m e n t s used w i t h the A g r i b a r are i n te r -
changeable w i t h those f o r the T r o p i c u l t o r and
N i k a r t . T h e ope ra to r can r ide o n i t , p r o v i d i n g
a d d i t i o n a l we igh t t o i m p r o v e s tab i l i t y f o r heavy
opera t ions .
I n i t i a l test results o f the A g r i b a r were g iven in
I C R I S A T A n n u a l R e p o r t 1981, p . 248. F o l l o w -
ing endurance tests to ident i fy the l i ke ly weak-
nesses in the componen ts , we made a n u m b e r of
smal l design a l terat ions. The present design has
been used con t i nuous l y f o r the post-harvest f ie ld
operat ions o f p l o w i n g and r i dg ing i n the I C R I -
S A T Ver t i so l watersheds.
We are also test ing the A g r i b a r under d i f fe rent
agroc l imat i c cond i t i ons in West A f r i c a , where
I C R I S A T scientists are us ing i t f o r the i r f i e l d -
scale exper iments . At present, test ing is l im i t ed to
M a l i , bu t w i l l soon be ex tended to the I S C in
Figure 18. Low-cost toolbar ( A g r i b a r ) w i th t w o ridgers and a blade ha r row, fo rming broadbeds on a Ver t iso l ,
I C R I S A T Center , 1984.
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Niger . We also in tend to test the A g r i b a r in
fa rmers ' f ie lds i n I n d i a as pa r t o f o u r o n - f a r m
research.
Cropping Systems for Different
Soils
We con t i nued operat iona l -sca le exper iments
in i t i a ted in 1982 to evaluate c r o p p i n g systems
op t ions f o r d i f fe ren t soils in the research
watersheds a t I C R I S A T Center . We used large
p lo ts (200-400 m
- 2
) , the W T C , and B B F system,
so tha t we cou ld assess ope ra t i ona l feas ib i l i t y ;
costs were ca lcu la ted to assess economic v i a b i l -
i t y . T w o fer t i l i zer levels were inc luded as m a i n
p lo ts in a sp l i t -p lo t l ayou t , w i t h the d i f fe ren t
c r o p p i n g systems as subp lo ts ; there were three
r e p l i c a t i o n s . O n a l l s o i l s — d e e p (1,5 m ) ,
med ium-deep (1.0 m ) , and sha l low (0.5 m) b lack
soi ls, and A l f i so l s (0.5-1.0 m ) — w e c o m p a r e d the
t w o fer t i l i zer t rea tments : ' no added fer t i l i zer ' ,
and 60 kg N plus 12 kg P ha
- 1
. T h e systems be ing
examined changed l i t t le f r o m the t w o prev ious
years ( I C R I S A T A n n u a l Repo r t s 1982, p . 274
and 1983, p. 265). Y ie lds and net re tu rns are
g iven in F igures 19-22.
Deep Black Soils
Sesamum was inc luded th is year in an i n te r c rop
system (sesamum/p igeonpea) because of i ts
po ten t i a l i m p o r t a n c e on deep b lack soils (pa r t i c -
u la r l y f o r the m o r e m a r g i n a l - r a i n f a l l areas in
K a r n a t a k a ) . A n ear ly p igeonpea ( I C P L 87) f o l -
l owed by ra tooned p igeonpea was also inc luded
because o f its p r o m i s i n g pe r fo rmance on deep
black soi ls, as repor ted by I C R I S A T pulse p h y -
siologists i n recent years ( I C R I S A T A n n u a l
Repo r t 1983, p. 171). Of the 11 c r o p p i n g systems
eva lua ted , f ive were in te rc rops and s ix sequen-
t i a l c rop systems.
S o r g h u m g ra in yields aga in exceeded maize
y ie lds, especial ly w i t h o u t fe r t i l i zer ( F i g . 19).
Averaged over the sequent ia l and i n t e r c rop sys-
tems, s o r g h u m y ie ld was 1170 kg h a
- 1
 c o m p a r e d
w i t h 720 kg ha
- 1
 f o r maize w i t h o u t fe r t i l i ze r , a n d
2090 kg ha
- 1
 c o m p a r e d w i t h 1780 kg h a
- 1
 w i t h
m e d i u m fer t i l i zer i npu t . As in 1982 we f o u n d
t h a t the h igher cereal y ie lds w i t h m e d i u m f e r t i l -
izer i npu ts i n ce rea l /p igeonpea in te rc rops d i d
n o t cause a r edu c t i on in p igeonpea y ie lds . Of the
ra iny-season legumes, soybean y ie lds were aga in
m u c h h igher t han e i ther m u n g bean o r cowpea ,
c o n f i r m i n g soybean's cons iderab le po ten t i a l as a 
h i g h - y i e l d i n g , r a i n y - s e a s o n a l t e r n a t i v e t o
cereals. T h e response o f legumes to fe r t i l i ze r
inputs was m u c h l owe r t han tha t o f cereal c rops ,
c o n f i r m i n g results in the prev ious t w o years.
Cons ide r i ng the net re turns ( F i g . 19), 9 of the
11 systems gave m o r e t han 3000 Rs h a
- 1
 w i t h no
fer t i l i zer i npu t . A l l p igeonpea-based in te rc rops
gave h igher re turns t han sequent ia l c rops w i t h -
ou t added fer t i l izer . W i t h m e d i u m fe r t i l i ze r
i npu ts , 9 of the 11 systems gave net re turns of
more t h a n 4500 Rs ha
- 1
. As in 1982, the soy-
bean/ p igeonpea i n te rc rop aga in gave the h i g h -
est net re turns w i t h l o w and m e d i u m fe r t i l i ze r
inpu ts . Of the sequent ia l systems, the soybean-
s o r g h u m sequent ia l c rop gave the highest
re turns. T h e sesamum/p igeonpea i n t e r c r o p ,
new ly inc luded this year, p roved to be a g o o d
a l te rna t ive i n te rc rop o p t i o n . E a r l y p igeonpea
produced a very good y ie ld in the ra i ny season,
s imi la r to that o f soybean; bu t its r a t o o n y ie ld
was no t sat is factory . Th i s cou ld be a g o o d a l ter -
nat ive pulse c rop o p t i o n f o r the ra iny season,
p rov ided genotypes tha t m a t u r e s t i l l ear l ier ( i n
100 to 120 days) t h a n the one used cu r ren t l y
(abou t 140-150 days) are ava i lab le to p e r m i t
sequent ia l , post ra iny-season crops to be s o w n
before the rains recede in ear ly Oc tober .
M e d i u m - D e e p Black Soils
A l l the six c r o p p i n g systems evaluated d u r i n g
1982/83 were f u r t h e r tested in 1983/84. We used
three i n te rc rop systems: s o r g h u m / p i g e o n p e a ,
ma ize /p igeonpea , and m u n g b e a n / c o t t o n , and
three sequent ia l systems: so rghum-ch i ckpea ,
so rghum-sa f f l ower , and m u n g bean-so rghum.
An a d d i t i o n a l system th is year was ear ly p igeon -
pea in sequent ia l ly c ropped p igeonpea-so rghum.
Th is was cons idered an i m p r o v e m e n t over the
m u n g bean-so rghum system, because ear ly
pigeonpea at h i gh p l a n t - p o p u l a t i o n densit ies is
po ten t ia l l y m u c h m o r e p roduc t i ve t h a n m u n g
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1 2 3 4 5 6 7 8 9 10 11
Ferti l izer rate R a i n y - s e a s o n y i e l d ( k g ha
- 1
)
M B - M B - SB- M a i - Sor- EPP Sor/ M a i / Cop / SB/ S M /
N i l 370 300 1100 780 1230 1120 1100 660 420 1160 430
Med ium 450 430 1220 1890 2190 1250 2000 1670 1250 1370 450
Pos t ra i ny - season y ie ld ( k g ha
- 1
)
Seq Seq Seq Seq Seq Rat IC IC IC IC IC
Sor Ch i Sor CP SF PP PP PP PP PP
Ni l 1260 480 1100 1030 730 140 1010 1240 1220 1030 1020
Med ium 2040 570 1900 1300 900 170 1280 1330 1450 1050 1190
Figure 19. Ne t monetary returns ( R s h a
- 1
) and grain yields (kg ha
- 1
) f r o m indicated cropping systems (1 -11 ) g rown
on an operat ional scale on a deep black soil (Ver t isol ) w i th ni l and m e d i u m fert i l izer inputs, I C R I S A T Center , ra iny
and postrainy seasons 1983.
bean. H o w e v e r , d u r i n g the year , ear ly p igeonpea
m a t u r i t y was so de layed by the mid -season
d r o u g h t t ha t the s o r g h u m c o u l d n o t be s o w n
because the so i l was t o o d r y . We the re fo re
r a t o o n e d the ear ly p igeonpea a t m a t u r i t y t o g ive
a second harvest .
As i n the p rev ious t w o years, the c e r e a l / p i -
geonpea i n t e r c r o p a n d the s o r g h u m - c h i c k p e a
and so rghum-sa f f l owe r sequent ia l systems gave
h i g h re tu rns ( F i g . 20). H i g h y ie ld a n d h i g h
m a r k e t pr ices f o r sa f f lower th is year mad e the
so rghum-sa f f l owe r sequent ia l system the mos t
p r o f i t a b l e system w i t h added fe r t i l i ze r i npu t s .
W i t h o u t fe r t i l i ze r i n p u t s , the p o o r ma ize y ie ld
was n o t su f f i c ien t l y compensa ted by i m p r o v e d
y ie ld o f the p igeonpea i n t e r c r o p ; the ove ra l l per -
f o r m a n c e o f the m a i z e / p i g e o n p e a i n t e r c r o p was
d i s a p p o i n t i n g c o m p a r e d to tha t o f the o the r
three cereal-based systems. Re tu rns f r o m the
m u n g b e a n / c o t t o n i n t e r c r o p and m u n g bean -
s o r g h u m sequent ia l c r o p p i n g systems were
m u c h l owe r c o m p a r e d t o the f o u r systems d is -
( C P = c h i c k p e a , C h i = ch i l l i es , C o p = c o w p e a , E P P = ear l y p i g e o n p e a , M a i = ma ize , MB = m u n g b e a n , PP = 
p i g e o n p e a , SF = sa f f l owe r , SM = sesame, S o r = s o r g h u m , IC = i n t e r c r o p , R a t = r a t o o n , Seq = sequen t i a l c r o p )
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( C P = c h i c k p e a , C o t = c o t t o n , E P P = ear l y p i geonpea , M a i = ma i ze , MB = m u n g bean , PP = p i g e o n p e a , SF = 
sa f f l owe r , S o r = s o r g h u m , IC = i n t e r c r o p , R a t = r a t o o n , Seq = sequen t ia l c r o p )
Figure 20 . N e t monetary returns ( R s h a '
1
) and grain yields (kg ha
- 1
) f r o m indicated cropping systems grown on an
operat ional scale on a medium-deep black soil w i th ni l and m e d i u m ferti l izer inputs, I C R I S A T Center , rainy and
postrainy seasons 1983.
cussed above. In con t ras t to the p r o m i s i n g per-
f o r m a n c e s h o w n in ear l ier exper imen ts a t
I C R I S A T Center , ear ly p igeonpea ( I C P L 87)
gave r a t o o n y ie lds we l l be low o u r expec ta t ions
in th is year's opera t iona l -sca le e v a l u a t i o n . We
w i l l eva luate ear ly p igeonpea r a t o o n i n g f u r t h e r
i n 1984/85 w i t h I C P L 87, a n d w i l l exp lo re the
poss ib i l i t y o f g r o w i n g s o r g h u m sequent ia l l y
af ter p igeonpea, us ing a s h o r t e r - d u r a t i o n geno-
type t h a n the one we used this year.
Shallow Black Soils
A l l s ix c r o p p i n g systems eva luated in 1982/83
were f u r t h e r tested in 1983/84. F o u r o f these
systems i nvo l ved a m e d i u m - d u r a t i o n p igeonpea
( I C P 1-6) used as a sole c r o p in one system, and
as an i n t e r c rop in three others. T h e r e m a i n i n g
t w o systems had m u n g bean i n te r c ropped w i t h
ei ther s o r g h u m or castor. In 1983 we also eva lu -
ated an a d d i t i o n a l c r o p p i n g system, an ear ly
p igeonpea ( I C P L 87) r a t o o n e d to g ive a second
harvest.
Th i s year the y ie lds o f mos t c rops were g o o d
because the seasonal r a i n fa l l was h igher t h a n
n o r m a l and we l l d i s t r i b u t e d , w h i c h appears t o
have benef i ted mos t o f the crops on th is sha l l ow
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soi l ( F i g . 21) ; the o n l y excep t i on was g r o u n d n u t ,
w h i c h was shaded by a ve ry g o o d g r o w t h o f the
associated p igeonpea . T h e s o r g h u m / p i g e o n p e a
i n t e r c r o p gave the m a x i m u m net re tu rns u n d e r
b o t h fe r t i l i ze r regimes. W i t h fe r t i l i ze r i n p u t s , the
m u n g bean / cas to r i n t e r c r o p also gave ve ry h i g h
net re tu rns ; b u t , w i t h o u t fe r t i l i ze r , i t gave a m u c h
l o w e r r e t u r n , o n l y h a l f t h a t o f the s o r g h u m /
p igeonpea i n t e r c r o p , because o f the ve ry l o w
castor y i e l d . W i t h o u t fe r t i l i ze r i n p u t , the net
r e t u r n f r o m the g r o u n d n u t / p i g e o n p e a i n t e r c r o p
was s i m i l a r t o t h a t o f s o r g h u m / p i g e o n p e a , b u t
the r e t u r n f r o m the la t te r was m a r k e d l y
increased due to the large response by s o r g h u m
f o l l o w i n g fe r t i l i ze r i npu t s . T h e m i l l e t / p i g e o n p e a
i n t e r c r o p was m u c h less r emune ra t i ve t h a n
s o r g h u m / p igeonpea , p a r t i c u l a r l y w i t h fe r t i l i ze r
i n p u t s , la rge ly because o f the l o w e r y i e l d o f
m i l l e t . O f a l l the i n t e r c r o p systems eva lua ted , the
m u n g b e a n / s o r g h u m system was the least p r o -
duc t i ve . T h e sole c r o p o f m e d i u m - d u r a t i o n
p igeonpea y ie lded 970 kg h a
- 1
 w i t h o u t fe r t i l i ze r ,
and 1100 kg ha
- 1
 w i t h fe r t i l i ze r i n p u t s . B u t the
p e r f o r m a n c e o f ear ly p igeonpea was m u c h b e l o w
o u r e x p e c t a t i o n . T h e c o m b i n e d y i e l d f r o m the
t w o harvests was o n l y 1020 kg ha
- 1
 w i t h fe r t i l i ze r
1 2 3 4 5 6 7
Ferti l izer rate R a i n y - s e a s o n y i e l d ( k g h a
- 1
)
M B / M B / Sor/ M i l / O N / PP
sole
EPP
Ni l 230 190 1700 930 470 400
Med ium 150 150 3960 2080 270 500
P o s t r a i n y - s e a s o n y i e l d ( k g h a
- 1
)
IC IC I C IC IC Rat
Sor Cas PP PP PP
N i l 1880 600 920 750 1070 970 200
M e d i u m 3595 1670 1030 900 1390 1110 520
(Cas = cas to r , E P P = ea r l y p i g e o n p e a , GN = g r o u n d n u t , M i l = pea r l m i l l e t , MB = m u n g b e a n , PP = p i g e o n p e a , S o r = 
s o r g h u m , IC = i n t e r c r o p , R a t = r a t o o n )
Figure 2 1 . Ne t monetary returns ( R s h a
- 1
) and grain yields ( k g h a
- 1
) f r o m indicated cropping systems g r o w n on an
operat ional scale on a shal low black soil w i t h ni l and m e d i u m fert i l izer inputs , I C R I S A T Center , ra iny and
postrainy seasons 1983.
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(Cas = cas to r , C o p = c o w p e a , E P P = ea r l y p i g e o n p e a , GN = g r o u n d n u t , HG = horse g r a m , M i l = pear l m i l l e t , MB = 
m u n g bean , PP = p i g e o n p e a , SM = sesame, S o r = s o r g h u m , IC = i n t e r c r o p , R a t = r a t o o n , R e l = re lay c r o p , Seq = 
sequen t i a l c r o p )
Figure 22 . Ne t monetary returns ( R s h a
1
) and grain yields ( k g h a
- 1
) f r o m indicated cropping systems grown on an
operat ional scale on an Al f iso l w i th ni l and m e d i u m ferti l izer inputs, I C R I S A T Center , rainy and postrainy seasons
1983.
added and 600 k g h a
- 1
 w i t h o u t fe r t i l i ze r . T h u s ,
on th is sha l l ow so i l , the ear ly p igeonpea d i d n o t
show any advan tage over the m e d i u m - d u r a t i o n
type w i t h fe r t i l i ze r i npu ts a n d was , i n fac t , s ign i f -
i can t l y i n f e r i o r w i t h o u t fe r t i l i ze r .
Alfisols
I n 1983, we i nc l uded t w o new i n t e r c r o p systems
( g r o u n d n u t / c a s t o r and s e s a m u m / p i g e o n p e a )
because o u r resul ts in the t w o p rev ious years
showed the p o t e n t i a l benef i t o f i n t e r c r o p sys-
tems f o r A l f i so l s . T h e system o f ear ly p igeonpea
( I C P L 87) a n d i ts r a t o o n was also i n c l u d e d . O f
the 15 systems eva lua ted , 9 were i n t e r c r o p sys-
tems, 2 sequent ia l , 2 r a t o o n , 1 re lay , a n d 1 l o n g -
d u r a t i o n sole c r o p (cas to r ) .
T h e g r a i n y ie ld da ta s h o w n i n F i g u r e 22
f u r t h e r c o n f i r m o u r ear l ie r results t h a t the t w o
d r o u g h t - t o l e r a n t legumes, horse g r a m (Macro-
tyloma uniflorum) a n d c o w p e a , c o u l d be g r o w n
sequent ia l l y a f ter an ear ly pea r l m i l l e t c r o p . I n
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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1981 , cas to r r e l ay - sown a f te r m u n g bean
appeared to be a g o o d d o u b l e c r o p o p t i o n , b u t in
the f o l l o w i n g t w o years th is system p e r f o r m e d
p o o r l y because the y ie ld o f castor was m u c h
l o w e r t h a n t h a t o f a fu l l -season c r o p ( s o w n a t the
b e g i n n i n g o f the ra ins) . A l l o w i n g a r a i n y season-
s o r g h u m c r o p o r a n ear ly p igeonpea t o r a t o o n
was f o u n d to be an inexpens ive w a y to get a 
p a r t i a l second c r o p , a lbe i t a l o w - y i e l d i n g one.
T h e t e m p o r a l c o m p l e m e n t a r i t y o f i n t e r c r o p p i n g
systems c o n t i n u e d to p r o v i d e the basis f o r the
best o p t i o n s : g r o u n d n u t / c a s t o r a n d g r o u n d n u t /
p igeonpea gave the h ighest re tu rns , f o l l o w e d by
the ce rea l / p i geonpea a n d s e s a m u m / p i g e o n p e a
systems. Y ie lds of a sole c r o p of h igh -va lue cas-
t o r were aga in ve ry p r o d u c t i v e , as in 1982, such
t h a t o n l y th ree i n t e r c r o p systems gave bet te r
re tu rns . As i n the t w o p rev ious years, response t o
added fe r t i l i ze r was usua l l y s m a l l ; as a resu l t , the
m o s t p r o f i t a b l e systems w i t h fe r t i l i ze r i npu ts
usua l l y gave o n l y a l i t t l e bet ter r e t u r n t h a n the
mos t p r o f i t a b l e ones w i t h o u t fe r t i l i ze r i n p u t s .
E n t o m o l o g y
Insect M o n i t o r i n g
W e are c o n t i n u i n g the regu la r m o n i t o r i n g o f
insects us ing l i gh t a n d p h e r o m o n e t raps and
have s tar ted to ana lyze the a c c u m u l a t e d d a t a ,
p a r t i c u l a r l y f o r Heliothis armigera, in r e l a t i o n to
e n v i r o n m e n t a l f ac to rs . O n e o f the three g r o u n d -
level l i gh t t raps was resi ted o n t o p o f I C R I S A T ' s
50 -m h i g h wa te r t ower . W e expect th is t r a p t o
ca tch o n l y h i g h - f l y i n g insects t ha t m a y be
m i g r a t i n g .
I n the 1983 /84 season the p o p u l a t i o n s o f m o s t
insects i n a n d a r o u n d I C R I S A T Cen te r a p -
peared t o be l o w e r t h a n i n m o s t p rev ious
years. T h i s was ev iden t i n the catches reco rded in
the V e r t i s o l watershed l i gh t t raps ( T a b l e 28). We
are s t u d y i n g the fac to rs tha t in f luence such sea-
sona l va r i a t i ons in pest p o p u l a t i o n s .
T h e increase in the n u m b e r s of H. armigera 
m o t h s f r o m J u n e t o Sep tember each year
appears to be r e m a r k a b l y cons is tent ( F i g . 23) .
B u t , a f te r Sep tember , there is cons iderab le year -
Tab le 28 . Species caught in Vert isol watershed l ight
traps, I C R I S A T Center .
1 9 8 3 / 8 4
A v e r a g e p r e v i o u s
5 years
Heliothis armigera 
Spodoptera litura 
Chilo partellus 
2326
1569
6848
17955
5921
10850
to -year v a r i a t i o n i n the catches. We n o w have
suf f ic ient da ta t o e m b a r k o n a n i nves t i ga t i on o f
the c l i m a t i c a n d c r o p fac to rs t ha t are l i ke l y t o
in f luence such v a r i a t i o n .
I n t r a p ca tch compa r i sons we f o u n d tha t the
l i gh t t raps tended t o ca tch greater n u m b e r s o f / / .
armigera m o t h s w h e n the n o c t u r n a l w i n d ve loc -
i t y was less t h a n 5 km h
- 1
, bu t the p h e r o m o n e
t raps caugh t m o r e w h e n w i n d veloc i t ies ranged
f r o m 5 to 10 km h
- 1
. I t is the re fo re ev ident t ha t
the t r a p catches w i l l need to be co r rec ted f o r
w i n d speeds a n d o the r fac to rs i f they are to be o f
real use in m o n i t o r i n g the p o p u l a t i o n s o f th is
pest.
Natura l Enemies of the Pests
W e have n o w comp le ted o u r surveys o f the p a r a -
s i to ids o f the m a j o r pests o f o u r ta rget c rops .
Twen ty -seven insects a n d one n e m a t o d e were
iden t i f i ed as parasi tes of H. armigera ( T a b l e 29).
Of these, Campoletis chlorideae is the m o s t
i m p o r t a n t , f o r i t is f o u n d in H. armigera la rvae
col lec ted f r o m a l l i ts host p lan ts a n d in every
m o n t h o f the year. Th i s paras i te emerges f r o m
the 3 rd ins ta r la rvae of H. armigera a n d so k i l l s
the la rvae be fo re they are large e n o u g h to cause
m u c h c r o p damage . O v e r the last 5 years we have
observed t ha t C. chlorideae k i l l e d 4 4 % of the
sma l l H . armigera la rvae on s o r g h u m , 3 3 % on
m i l l e t , 3 3 % o n ch i ckpea , 7 % o n g r o u n d n u t , a n d
4 % o n p igeonpea. A n o t h e r h y m e n o p t e r a n
insect , Trichogramma sp is a lso i m p o r t a n t f o r i t
has been f o u n d in 3 4 % of the H. armigera eggs
co l lec ted f r o m s o r g h u m over the past f i ve years.
U n f o r t u n a t e l y th is paras i te i s e x t r e m e l y ra re in
the H. armigera eggs t h a t are la id on p igeonpea
and ch i ckpea . Such pa ras i t i sm d i f ferences are
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Figure 23 . M o n t h l y catches of Heliothis armigera in l ight traps (average of 3 t raps) , I C R I S A T Center , 1 9 7 7 / 7 8 -
1 9 8 3 / 8 4 .
t h o u g h t to be the m a j o r reasons w h y H. a r m i g -
era is such a d a m a g i n g pest on p igeonpea and
ch i ckpea , b u t o f re la t i ve ly l i t t l e conce rn o n
s o r g h u m .
We have a lso co l lec ted i n f o r m a t i o n on the
p reda to rs of H. armigera. T h e 21 insects t h a t we
have recorded as p r e y i n g on H. armigera eggs
and larvae are l is ted i n T a b l e 30. I n a d d i t i o n
there are several o the r an ima l s t h a t feed on H.
armigera l a rvae , i n c l u d i n g several spiders a n d
m a n y b i rds . T h e q u a n t i f i c a t i o n o f p r e d a t i o n
effects on insect p o p u l a t i o n s i s n o t easy. Of the
insect p reda to rs Delta spp appear to be the mos t
c o m m o n . Chrysopa spp are a lso f o u n d occas ion -
a l l y i n large n u m b e r s , p a r t i c u l a r l y o n c o t t o n
crops .
Intercropping Studies
Insect damage was m o n i t o r e d in sole and in te r -
c rops . These i n v o l v e d p igeonpea i n t e r c r o p p e d
w i t h s o r g h u m o r ma ize o n V e r t i s o l a n d w i t h
m i l l e t o r g r o u n d n u t o n A l f i s o l . T h e r e were n o
large, cons is tent d i f ferences in insect a c t i v i t y
between the sole a n d in te rc rops f o r a n y c r o p .
H o w e v e r , H. armigera was f o u n d to be m u c h
m o r e d a m a g i n g o n c rops g r o w n o n the V e r t i s o l .
F o r e x a m p l e the p o d damage i n p igeonpea aver -
aged 7 3 % o n the V e r t i s o l a n d 3 5 % o n the A l f i s o l .
Vertisol Watersheds
Water Balances Under Alternat ive
Farming Technologies
Watersheds o n Ver t i so ls a t I C R I S A T Cen te r
have been managed on an o p e r a t i o n a l scale since
1972, t o c o m p a r e the p e r f o r m a n c e o f c o n t r a s t i n g
m a n a g e m e n t s y s t e m s . W e m a n a g e o n e
watershed u n d e r the t r a d i t i o n a l sys tem used by
fa rmers i n o u r area; we b a r e - f a l l o w the so i l d u r -
i n g the r a i n y season and g r o w a s ingle c r o p in t h e
p o s t r a i n y season on s to red so i l wa te r . T h e
i m p r o v e d system invo lves d o u b l e c r o p p i n g w i t h
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Tab le 29 . Parasites that have emerged f r o m eggs and larvae of Heliothis armigera collected f r o m A n d h r a
Pradesh, M a h a r a s h t r a , a n d K a r n a t a k a states in I n d i a , 1974-84 .
Insects
Paras i tes o f eggs
H y m e n o p t e r a : Trichogrammatidae 
Trichogramma chilonis 
Trichogramma sp
Trichogrammatoidea sp
Trichogrammatoidea bactrae sp fumata 
Paras i tes o f l a r v a e
1
D i p t e r a : Tachinidae 
Carcelia illota 
Goniophthalmus halli 
Sturmiopsis inferens 
Exorista xanthaspis 
Palexorista laxa 
H y m e n o p t e r a : Ichneumonidae 
Barichneumon sp
Enicospilus shinkanus 
Ichneumon sp
Metopius rufus 
Xanthopimpla stemmator 
Campoletis chlorideae 
Eriborus argenteopilosus 
E. trochanteratus 
Temelucha sp
H y m e n o p t e r a : Braconidae 
Apanteles sp
Chelonus sp
Microchelonus curvimaculatus 
Bracon sp
Disophrys sp
Rogas sp
H y m e n o p t e r a : Bethylidae 
Goniozus sp
N e m a t o d e - Mermithidae 
Ovomermis albicans 
1. Some of these parasites also emerged f r om the pupae.
i m p r o v e d c rops g r o w n i n b o t h the r a i n y a n d the
p o s t r a i n y seasons. W e n o w have h y d r o l o g i c d a t a
f r o m over 8 consecut ive years ; the l o n g - t e r m
averages s h o w t h a t the i m p r o v e d system
increases the percentage o f r a i n f a l l used f o r c r o p
p r o d u c t i o n ( f r o m 3 0 t o 6 7 % ) , p a r t l y b y r e d u c i n g
r u n o f f ( f r o m 2 5 t o 14% o f r a i n f a l l ) . T h i s l o w e r
r u n o f f resul ts in a reduced so i l loss f r o m 6400 to
1500 kg ha
-1
 a
-1
 ( T a b l e 31) .
Effect of T rampl ing W e t Vertisols
W e repo r t ed ear l ie r ( I C R I S A T A n n u a l R e p o r t
1982, p p . 264-265) t h a t t r a m p l i n g beds i n the
Ve r t i so l B B F system c o u l d reduce p l a n t p o p u l a -
t i ons a n d g r a i n y ie lds i n some pos t ra iny -season
crops . T h e t r a m p l i n g d a m a g e occu r red w h e n the
sur face so i l was we t d u r i n g harvest o f the pre-
v i ous ra iny -season c r o p , a n d the s o w i n g o f the
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Tab le 30 . Insects recorded as predators of Heliothis armigera, I C R I S A T Center , 1977-84.
O r d e r F a m i l y Species
C o l e o p t e r a C o c c i n e l l i d a e Menochilus sexmaculatus 
D e r m a p t e r a C a r c i n o p h o r i d a e Euborellia annulipes 
E. stall 
L a b i d u r i d a e Nala lividipes 
D i c t y o p t e r a M a n t i d a e Humbertiella sp
H e m i p t e r a A n t h o c o r i d a e Orius maxidentex 
L y g a e i d a e Paromius gracilis 
N a b i d a e Tropiconabis capsiformis 
P e n t a t o m i d a e Cantheconidea furcellata 
R e d u v i i d a e Catamiarus brevipennis 
Ectrychotes dispar 
Rhinocoris marginatus 
H y m e n o p t e r a E u m e n i d a e Delta conoideus 
D. pyriforme 
D. companiforme esuriens 
Sphec idae Sphex argentatus 
Vesp idae Polistes olivaceus 
Ropalidia marginata 
Vespa orientalis 
V. tropica haematodes 
N e u r o p t e r a C h r y s o p i d a e Chrysopa sp
pos t ra iny -season c r o p .
In the 1983 /84 p o s t r a i n y season we repeated
th is e x p e r i m e n t because the ra ins c o n t i n u e d
u n t i l m i d - O c t o b e r 1983. D u r i n g the harvest o f
ra iny-season maize g r o w n o n the B B F sys tem,
the so i l was su f f i c ien t l y wet ( abou t 3 5 % w / w ) t o
become c o m p a c t e d by t r a m p l i n g i f the harvest
l abo r w a l k e d on the beds instead o f i n the f u r -
rows . W e sowed ch ickpea and sa f f l ower , g r o w n
as sequent ia l c rops af ter maize. O u r t rea tmen ts
T a b l e 3 1 . A n n u a l water balance and soil loss ( k g ha
- 1
) for t rad i t iona l and improved technologies in Vert isol
watersheds, I C R I S A T Center , 1967-77 t o 1983-84.
W a t e r ba lance c o m p o n e n t s
F a r m i n g systems
t e c h n o l o g y
A n n u a l
r a i n f a l l
( m m )
W a t e r
used by
c r o p s
( m m )
W a t e r los t
as sur face
r u n o f f
( m m )
W a t e r los t as
ba re so i l e v a p o -
r a t i o n a n d deep
p e r c o l a t i o n ( m m )
S o i l loss
( k g h a
- 1
)
I m p r o v e d ,
d o u b l e c r o p p i n g o n B B F
T r a d i t i o n a l ,
s ing le c r o p i n p o s t r a i n y season,
a n d c u l t i v a t i o n o n f l a t
904
904
602 (67 )
1
271 (30)
1 3 0 ( 1 4 )
227 (25)
1 7 2 ( 1 9 )
406 (45)
1500
6400
1 . F i g u r e s i n p a r e n t h e s e s a r e a m o u n t s o f w a t e r used o r l o s t e x p r e s s e d a s % t o t a l r a i n f a l l .
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Tab le 3 2 . Effect o f t rampl ing beds o f the B B F land-management system on stand establishment (plants h a
- 1
) a n d
grain yield ( k g h a
- 1
) o f chickpea and saff lower, I C R I S A T Center , postrainy season 1 9 8 3 / 8 4 .
S t a n d e s t a b l i s h m e n t ( 1 0
3
 p l a n t s h a
- 1
) G r a i n y i e l d ( k g h a
- 1
)
T r e a t m e n t C h i c k p e a S a f f l o w e r C h i c k p e a S a f f l o w e r
N o r m a l beds
T r a m p l e d beds
S E
216
148
±33.9
96
70
±9.6
2330
1940
±33
1510
1110
±66
were: a v o i d i n g beds by c o n f i n i n g t r a f f i c to the
f u r r o w s ( n o r m a l ) , a n d a l l o w i n g t r a f f i c o n the
beds ( t r a m p l e d ) . T r a m p l i n g s i g n i f i c a n t l y
(P<0.05) reduced g r a i n y ie lds o f b o t h ch i ckpea
a n d sa f f l ower ( T a b l e 32) , thus c o n f i r m i n g o u r
ear l ie r observa t ions .
Ferti l izer Placement
W e c o m m e n c e d o p e r a t i o n a l tes t ing o n the
effects o f fe r t i l i ze r p lacement w i t h i n the seed r o w
on a V e r t i s o l in the 1983 r a i n y season ( I C R I S A T
A n n u a l R e p o r t 1983, p . 268) , a n d c o n t i n u e d
these in the subsequent p o s t r a i n y a n d r a i n y sea-
sons (1983 /84 ) us ing s o r g h u m as a test c r o p . T h e
2 me thods o f p lacemen t c o m p a r e d fe r t i l i ze r
p laced e i ther in the seed r o w , o r 5 cm to one s ide,
a n d 5 cm b e l ow the seed r o w . We tested t w o
n i t r o g e n rates, 60 kg N ha
- 1
 a n d 120 kg N h a
- 1
,
5 0 % o f w h i c h was a p p l i e d a t seeding; a n d f o u r
fe r t i l i ze r sources, 18-46-0 ( d i a m m o n i u m phos-
pha te ) , 28-28-0 ( a m m o n i u m p h o s p h a t e ) , s ingle
supe rphospha te , a n d urea.
F o r a l l f ie ld ope ra t i ons w e used the W T C w i t h
a f o u r - r o w p lan te r to seed and a p p l y fe r t i l i ze r .
Each p l o t had three b r o a d b e d s , 60 m l o n g . T h e
fe r t i l i ze r d r i l l app l i ed fe r t i l i ze r w i t h i n a 10%
m a r g i n o f its ca l i b ra ted ra te .
Resul ts f o r s o r g h u m i n the 1983 /84 p o s t r a i n y
season ( T a b l e 33) showed t ha t fe r t i l i ze r p lace-
m e n t in the seed r o w increased g r a i n y ie ld (P
< 0 . 1 0 ) b u t d i d n o t af fect p lan t he igh t 3 5 D A E .
D u r i n g the 1984 r a i n y season, f i na l g r a i n y ie lds
were s im i l a r f o r the t w o p lacemen t t r ea tmen ts
( T a b l e 33). T h u s f r o m three seasons' da ta f o r
s o r g h u m on Ve r t i so l s , we conc lude t h a t the
a p p l i c a t i o n o f a n y o f the above sources o f f e r t i l -
izer to s u p p l y u p t o 60 kg N ha
- 1
 in the seed r o w
does n o t have an adverse effect on p l a n t es tab-
l i shmen t a n d g r o w t h , b u t m a y g ive greater y i e l d .
We are s i m p l i f y i n g the des ign o f a f u r r o w opener
f o r the p lan te r .
Tab le 3 3 . Effect o f fert i l izer p lacement on p lant height ( c m ) dur ing the vegetative stage, and grain yield ( k g h a '
1
) o f
t w o sorghum cult ivars
1
 g r o w n on Vert isols, I C R I S A T Center , postrainy season 1 9 8 3 / 8 4 a n d rainy season 1984.
P o s t r a i n y season 1 9 8 3 / 8 4 R a i n y season 1984
F e r t i l i z e r
p l a c e m e n t
P l a n t h e i g h t
a t 3 5 D A E G r a i n y i e l d
( c m ) ( k g h a
- 1
)
P l a n t h e i g h t
a t 31 D A E
( c m )
G r a i n y i e l d
( k g h a
- 1
)
W i t h i n seed r o w
B e l o w a n d t o o n e s ide o f seed r o w
2
S E
27 1300
2 6 730
±2.3 ±270
15.1
16.5
±0.43
4 3 0 0
4 3 0 0
±310
1 . C S H 8 i n p o s t r a i n y season 1 9 8 3 / 8 4 a n d C S H 6 i n r a i n y season 1984.
2 . D i s p l a c e m e n t 5 c m i n e a c h d i r e c t i o n .
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E v a l u a t i o n a t N a t i o n a l
Research Centers
T a l o d , G u j a r a t
D u r i n g 1983 /84 , w e c o n t i n u e d a n e x p e r i m e n t
i n i t i a t ed i n 1982 i n c o l l a b o r a t i o n w i t h G u j a r a t
A g r i c u l t u r a l Un i ve r s i t y , t o eva luate the pe r f o r -
mance o f a l te rna te c r o p p i n g systems f o r l i gh t
sandy soils a t T a l o d research s ta t i on in G u j a r a t .
T h i s e x p e r i m e n t e x a m i n e d 20 c r o p p i n g systems,
c o m p r i s i n g e i ther sole c rops or i n te rc rops in a 
r a n d o m i z e d b l o c k design w i t h f o u r rep l i ca t ions .
Basal fe r t i l i ze r at 18 kg N ha
-1
 a n d 20 kg P ha
-1
was app l i ed to a l l c rops , a n d a f u r t h e r 62 kg N 
h a
- 1
 was topdressed on the non legumes . E c o -
n o m i c p l an t p r o t e c t i o n was used against castor
semi - looper ( A c h a e a Janata) a n d p igeonpea p o d
bore r ( H e l i o t h i s a rm ige ra ) . D u e t o r a i n f a l l (1132
m m ) we l l above the n o r m a l (700 m m ) d u r i n g the
g r o w i n g season, we encoun te red some disease
p rob lems i n pear l m i l l e t , s o r g h u m , a n d g r o u n d -
n u t . As a resul t , the y ie lds of these ra iny -season
crops a n d those o f m u n g bean a n d sesamum
were l o w , b u t the crops t ha t ex tended i n t o the
pos t ra i ny season, such as castor a n d p igeonpea ,
p roduced very g o o d y ie lds ( F i g . 24) .
Ne t m o n e t a r y re tu rns o f some o f the systems
t r ied are g iven in F i gu re 24. A l t h o u g h sole cas tor
(Cas = cas to r , GN = g r o u n d n u t , Gu = g u a r , M i l = p e a r l m i l l e t , MB = m u n g b e a n , PP = p i g e o n p e a , SM = sesame, S o r
= s o r g h u m , IC = i n t e r c r o p )
Figure 24 . N e t monetary returns ( R s ha
- 1
) and grain yields (kg h a
- 1
) f r o m indicated cropping systems g r o w n on an
Ent iso l , T a l o d , G u j a r a t , ra iny and postrainy seasons 1983.
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gave the highest net re tu rns , there were several
i n t e r c r o p systems, such as guar or c lus ter bean
(Cyanops is tetragonoloba)/ cas tor , sesamum / 
castor , s o r g h u m / p i g e o n p e a , and g r o u n d n u t /
p igeonpea , t h a t a l l gave c o m p a r a b l y h i g h
re tu rns . O u t o f the 20 sole a n d in te rc rops e x a m -
i n e d , 10 gave net re tu rns over 4000 Rs ha"
1
. S i x
o f the 10 i n t e r c r o p p i n g systems had y ie ld a d v a n -
tages o f m o r e t h a n 6 0 % over the sole c rops ;
i n t e r c r o p p i n g the re fo re enab led one a n d a h a l f
c rops to be g r o w n instead o f one . These resul ts
f u r t h e r emphas ize the i m p o r t a n c e o f i n t e r c r o p -
p i n g systems i n inc reas ing the c r o p p i n g in tens i t y
o n l i gh t soi ls by c o m b i n i n g s h o r t - d u r a t i o n c rops
such as pear l m i l l e t , s o r g h u m , g r o u n d n u t , o r
sesamum w i t h l o n g - d u r a t i o n c rops such as
p igeonpea or castor .
Trans fe r o f T e c h n o l o g y -
D e e p Ver t iso ls
O n - f a r m eva lua t ions o f o u r i m p r o v e d f a r m i n g
systems f o r deep Ver t i so ls began at one site in
1981, a n d have since e x p a n d e d . In 1984 tests
were c o n d u c t e d a t 28 loca t ions i n v o l v i n g 1406
fa rmers on 2122 ha . These eva lua t i ons a w a y
f r o m I C R I S A T Cen te r are conduc ted w i t h va r -
ious c o m b i n a t i o n s o f the c o m p o n e n t sub -
systems t h a t compr i se the t echno logy . B u t the
u n d e r l y i n g p r i nc i p l e rema ins the same: t w o
crops are g r o w n where o n l y one g rew be fo re , a n d
each o f the t w o i m p r o v e d c rops i s m o r e p r o d u c -
t i ve t h a n the s ingle t r a d i t i o n a l c r o p .
T h e m a j o r c o m p o n e n t s d i r ec t l y c o n t r i b u t i n g
t o i m p r o v e d p r o d u c t i v i t y are i m p r o v e d c r o p p i n g
systems (o f t en us ing i m p r o v e d cu l t i va rs ) , a n d
n u t r i e n t i n p u t s . O t h e r o p t i o n a l c o m p o n e n t s
whose f u l l c o n t r i b u t i o n can be d i f f i c u l t t o e v a l u -
ate1 i n c l ude seedbed p r e p a r a t i o n d u r i n g the n o n -
c r o p p i n g d r y season; d ryseed ing c rops j u s t
before the onset o f the r a i ny season; use o f B B F s
to i m p r o v e d ra inage a n d thus reduce w a t e r l o g -
g i n g , w h i l e m i n i m i z i n g so i l e r o s i o n ; s o w i n g
crops i n r o w s t o a l l o w passage o f wheeled i m p l e -
ments t h a t can fac i l i t a te side-dressings o f n i t r o -
genous fe r t i l i ze r ; i n t e r c u l t i v a t i o n t o c o n t r o l
weeds; a n d the use o f insect ic ides. M a n y o f these
c o m p o n e n t s are o p t i o n a l ; a n d f o r m a n y o f the
o p t i o n s , several v a r i a t i o n s e x i s t — t o be a p p l i e d
in va r i ous ways a t va r i ous loca t ions .
A l t h o u g h the target area f o r the i m p r o v e d
system is f a i r l y we l l de f ined a n d h o m o g e n e o u s ,
i.e., deep Ver t i so ls unde r assured r a i n f a l l ( a b o u t
800 mm o r m o r e each year ) , we k n o w tha t some
c o m p o n e n t s o f the system w i l l va ry i n i m p o r -
tance across th is area, a n d tha t m o d i f i c a t i o n s to
these c o m p o n e n t s m a y be des i rab le .
Stages in the t rans fer o f th is t e c h n o l o g y
invo l ve several approaches .
• I C R I S A T s ta f f test m a j o r o p t i o n s o f the sys-
t em in f a rmers ' f ie lds a t selected b e n c h m a r k
sites.
• We c o n d u c t de ta i led rep l i ca ted expe r imen ts
ad jacent to these b e n c h m a r k loca t ions to
de te rm ine m o d i f i c a t i o n s i n va r i ous c o m p o -
nents o f the system.
• N a t i o n a l p r o g r a m s then eva luate the t e c h n o l -
ogy at a large n u m b e r of l oca t i ons .
Benchmark Locations
O u r three m a j o r loca t ions ou ts ide I C R I S A T
Center are: T a d d a n p a l l y , 4 0 k m f r o m I C R I S A T
Center b u t w i t h a l m o s t i den t i ca l so i l a n d r a i n -
f a l l ; B e g u m g a n j , 1000 k m n o r t h n o r t h w e s t i n
M a d h y a P radesh , where the a n n u a l r a i n f a l l i s
cons ide rab ly h igher (1000 m m ) , and where the
pos t ra iny -season cereal was t r a d i t i o n a l l y whea t
n o t s o r g h u m ; and F a r h a t a b a d i n K a r n a t a k a , 200
km west and j u s t ou ts ide the de l inea ted area o f
assured r a i n f a l l , the re fo re p r o v i d i n g a test f o r
the techno logy ' s f l e x i b i l i t y .
In ear l ie r years we o b t a i n e d ve ry s im i l a r
results a t T a d d a n p a l l y t o those f r o m o p e r a t i o n a l
research a t I C R I S A T Center ( I C R I S A T A n n u a l
R e p o r t s 1981, p p . 294-296; 1983, pp .279-281) .
W e have n o w d i s c o n t i n u e d act ive p a r t i c i p a t i o n
at th is si te, so t ha t we can observe the o p t i o n s
chosen b y f a rme rs , w i t h o u t any gu idance f r o m
I C R I S A T staff .
O u r second b e n c h m a r k si te, B e g u m g a n j , gave
very e n c o u r a g i n g results ( T a b l e 34) , especia l ly
w h e n c o m p a r e d t o those f r o m 1982 /83 .
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I m p r o v e d c r o p p i n g systems based o n d o u b l e -
c r o p p i n g gave gross p r o f i t s o f a b o u t Rs 2700, o r
a l m o s t f i ve t imes m o r e t h a n the Rs 580 f r o m the
t r a d i t i o n a l s ingle c r o p o f whea t o r ch i ckpea i n
the p o s t r a i n y season. In 1984, there was l i t t l e
m e a s u r e d e f fec t o f t h e i m p r o v e d l a n d -
m a n a g e m e n t system on e c o n o m i c re tu rns , b u t
s o m e b e n e f i t s o f t h e i m p r o v e d l a n d -
managemen t o p t i o n s tha t are d i f f i c u l t t o q u a n -
t i f y . T ime l iness i s one e x a m p l e : the d ra inage o f
the l and c a n , in some years, de te rm ine w h e t h e r a 
c r o p is es tab l ished; w e e d i n g can be sat is-
f a c t o r i l y a c c o m p l i s h e d ; o r fe r t i l i ze r a p p l i e d .
Costs o f p r o d u c t i o n were h ighe r t h a n expected
Tab le 34 . Economic evaluat ion of the improved watershed-based technology opt ions on deep Vert isols in the
Begumganj watershed, M a d h y a Pradesh, I n d i a , 1 9 8 3 / 8 4 .
O p e r a -
L a n d
a n d w a t e r
m a n a g e m e n t
P r o p o r -
t i o n s
g r o w n
G r o s s
r e t u r n s
( R s h a
- 1
)
1
t i o n a l
costs
( R s ha
- 1
)
G ross
p r o f i t s
( R s h a
- 1
)
Y i e l d s ( k g h a
- 1
)
N o . o f
p l o t sC r o p p i n g systems C r o p s G r a i n F o d d e r
I m p r o v e d c r o p p i n g systems, i m p r o v e d l a n d m a n a g e m e n t
2
S o y b e a n / p i g e o n p e a B B F 60 5036 2310 2726 S o y b e a n 1013 1000
P i g e o n p e a 478 1000
8
S o y b e a n / p i g e o n p e a F l a t o n 5 4507 2172 2335 S o y b e a n 830 800 1
g rade P i g e o n p e a 476 1500
S o y b e a n - w h e a t B B F , F l a t 22 5378 2261 3117 S o y b e a n 1078 1100 1
o n g rade W h e a t 969 900
S o y b e a n - c h i c k p e a F l a t o n 13 4877 2532 2345 S o y b e a n 850 1000 1
g rade C h i c k p e a 709
W e i g h t e d averages 5064 2321 2743
I m p r o v e d c r o p p i n g systems, t r a d i t i o n a l l a n d m a n a g e m e n t
2
S o y b e a n / p i g e o n p e a T r a d i t i o n a l 20 4584 1497 3087 S o y b e a n 654 600
P i g e o n p e a 679 1000
3
S o y b e a n - w h e a t T r a d i t i o n a l 50 3888 1488 2400 S o y b e a n 739 700
W h e a t 773 700
3
S o y b e a n - c h i c k p e a T r a d i t i o n a l 30 4690 1781 2909 S o y b e a n 550 500
C h i c k p e a 980
1
W e i g h t e d averages 4268 1578 2800
T r a d i t i o n a l c r o p p i n g systems a n d l a n d m a n a g e m e n t
2
F a l l o w - w h e a t T r a d i t i o n a l 60 1315 914 401 W h e a t 664 600 3
F a l l o w - c h i c k p e a T r a d i t i o n a l 40 1665 937 728 C h i c k p e a 555 3
W e i g h t e d averages 1455 923 532 13
1. Prices of produce used Grain Rs/100kg Fodder Rs/100kg
for calculat ing
gross returns are:
Soybean
Pigeonpea
300
350
Soybean 20
Pigeonpea 12.5
Wheat 180 Wheat 20
Chickpea 300
2. Data refer to 14.7 ha of watershed under improved land management, and 9.2 ha under t rad i t ional land management.
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i n b o t h 1982 a n d 1983, because o f the l i m i t e d
success of d r y seeding, and a resu l tan t need f o r
gap f i l l i n g a n d a d d i t i o n a l c u l t i v a t i o n f o r weed
c o n t r o l .
O u r resul ts f r o m F a r h a t a b a d i n 1984 were
d i s a p p o i n t i n g , b u t i n l ine w i t h o u r o r i g i n a l c o n -
cept , th is site lies ou ts ide the area demarca ted as
h a v i n g assured r a i n f a l l i n the r a i n y season. I n
1983, the r a i n y season s tar ted late so t ha t c rops
were dry-seeded t o o fa r ahead o f the ra ins , and
fa i l ed . A l s o , the r a i n y season d i d n o t last l o n g
e n o u g h f o r d o u b l e - c r o p p i n g , b u t w e d i d get t w o
pos i t i ve resul ts . T h e B B F system appears t o
assist i n f i l t r a t i o n o f r a i n f a l l i n t o the so i l . A n d ,
a f ter p r e l i m i n a r y i nsec t - con t ro l t r ia ls us ing the
C D A , su i t ab l y m o d i f i e d f o r m o u n t i n g o n a 
W T C o r b u l l o c k ca r t , i t was a d o p t e d a t once b y
f a r m e r s , t o the ex ten t t ha t the o r i g i n a l was
cop ied by t h e m a n d m a n u f a c t u r e d i n the v i l lage .
In an area where sole p igeonpea is a c o m m o n
c r o p , c o n t r o l of Heliothis armigera is c r u c i a l to
its success. Fa rmers are aware o f th is need, b u t
had been a p p l y i n g t o o m u c h insect ic ide. By
d e v e l o p i n g s imp le rules to gu ide t h e m in a 
' sp ray / no -sp ray dec is ion ' , we have s h o w n t h e m
h o w t o reduce the n u m b e r o f sprays f r o m 6-7 t o
2-3 per season, w i t h consequent subs tan t i a l
savings.
National Programs
E n c o u r a g e d by the 1982 results a t o u r F a r h a -
t a b a d s i te, the D e p a r t m e n t o f A g r i c u l t u r e i n
K a r n a t a k a tested o u r t e c h n o l o g y i n the d is t r i c ts
o f B e l g a u m , Be l l a r y , B i d a r , D h a r w a d , G u l -
b a r g a , a n d R a i c h u r d u r i n g 1983. T h e t o t a l area
u n d e r the i m p r o v e d system was 227 ha , a n d the
D e p a r t m e n t has p repared p lans f o r f u r t h e r
ex tens ion d u r i n g 1984 to a surveyed area of 1354
ha.
I m p l e m e n t a t i o n o f the t e c h n o l o g y has been
h i g h l y successful p r i m a r i l y due t o the ve rsa t i l i t y
e m p l o y e d i n its a p p l i c a t i o n . A l t h o u g h m a n y o f
the sites used to test the i m p r o v e d system l ie
ou ts ide the de l inea ted area o f assured r a i n f a l l ,
the f a rmers a n d the D e p a r t m e n t o f A g r i c u l t u r e
exercise cons iderab le se lect ion a n d m o d i f i c a t i o n
o f the o p t i o n s present i n the t e c h n o l o g y . F o r
e x a m p l e , some ra iny-season f a l l o w i n g w i l l c o n -
t i nue in th is area sole ly to conserve wa te r f o r a 
pos t ra iny -season s o r g h u m c r o p where r a i n f a l l i s
m a r g i n a l . H o w e v e r , the B B F l a n d - m a n a g e m e n t
system seems to be we l l received by the fa rmers
because i t assists wa te r i n f i l t r a t i o n i n t o the so i l in
the d r i e r l oca t ions . M o d i f i c a t i o n s i nc lude
increas ing the w i d t h o f the b roadbeds d e p e n d i n g
o n so i l t e x t u r e a n d a n n u a l r a i n f a l l .
I n M a h a r a s h t r a the State D e p a r t m e n t o f
A g r i c u l t u r e selected 5065 watersheds f o r f u t u r e
watershed-based d r y l a n d a g r i c u l t u r a l deve lop -
m e n t , a n d i n i t i a ted deve lopmen t on 1198 ha d u r -
i n g 1983. T h e i m p r o v e d t echno logy gave g o o d
y ie ld increases, e.g., 6 -200% f o r c o t t o n , 10-124%
f o r s o r g h u m , 11-100% f o r m u n g bean , 2 1 - 2 0 0 %
f o r p igeonpea , a n d 2 8 - 4 2 5 % f o r pear l m i l l e t . T h e
v a r i a b i l i t y in these y ie lds was m a i n l y because
some loca t ions had insu f f i c ien t o r undependab le
r a i n f a l l . T h e D e p a r t m e n t o f A g r i c u l t u r e in tends
t o p roceed w i t h r a i n f a l l - p r o b a b i l i t y analyses f o r
the va r i ous loca t ions to he lp f o r m u l a t e i ts p lans
fo r tes t ing o u r t echno logy over 1900 ha in the
1984/85 season.
A d a p t i v e C o m p o n e n t Research
Crop Combinat ions
E a c h year , we have tested a large n u m b e r of
c r o p p i n g systems' op t i ons i n rep l i ca ted e x p e r i -
ments on a state seed f a r m , ad jacen t to the
watersheds a t F a r h a t a b a d and B e g u m g a n j , t ha t
encompass the f a rmers ' o p e r a t i o n a l tes t ing o f a 
smal le r n u m b e r o f c r o p c o m b i n a t i o n s . T h i s year
a t B e g u m g a n j we ach ieved m u c h h igher p r o d u c -
t i v i t y a n d e c o n o m i c re tu rns f r o m systems based
on ra iny-season cereals t h a n in the p rev ious
year , m a i n l y because the ear ly r a i n f a l l was bet ter
d i s t r i b u t e d , t hus a l l o w i n g weed ing a n d a second
a p p l i c a t i o n o f n i t r ogenous fe r t i l i ze r ( F i g . 25).
O u r pa ra l l e l e x p e r i m e n t a t K o t n u r , a site near
the F a r h a t a b a d wa te rshed , fa i led because o f the
delayed onset o f the r a i ny season.
Cropping-Entomology Studies
W e c o n t i n u e d o n - f a r m m o n i t o r i n g o f insects and
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Figure 25 . N e t monetary returns ( R s h a
- 1
) and grain yields ( k g h a
- 1
) f r o m indicated cropping systems g r o w n under
the b roadbed-and- fu r row ( B B F ) land management system on a deep Ver t iso l . Begumganj Seed F a r m , M a d h y a
Pradesh, rainy and postrainy seasons 1 9 8 3 / 8 4 .
the i r n a t u r a l enemies a n d t r a i n i n g f a rme rs i n
pes t i c ide -app l i ca t i on techn iques a t N a r a y a n -
k h e d , F a r h a t a b a d , and B e g u m g a n j .
Pests and their Parasites
Insect damage on the ra iny-season c rops was
genera l ly l o w . Less t h a n 2 % o f the s o r g h u m
plan ts h a d deadhear ts caused by shoot f l y (Athe-
rigona spp) and s tem b o r e r (Chilopartellus). On
soybean the g i r d l e beat le (Oberia brevis) caused
re la t i ve ly less damage th is year . Heliothis armig-
era was o f l i t t l e i m p o r t a n c e on s o r g h u m , where
the peak p o p u l a t i o n recorded was 7.3 l a r v a e / 1 0 0
heads, a n d on maize where there were 6.0 la r -
v a e / 1 0 0 cobs .
On p igeonpea the peak H. armigera in fes ta-
t i ons d u r i n g O c t o b e r - N o v e m b e r averaged 18
(±5.4) eggs a n d 4.0 (±0.4) la rvae p l a n t
- 1
 a t
N a r a y a n k h e d , a n d 17 (±7.8) eggs and 4.2 (±0.73)
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F igure 26 . Three C D A sprayers m o u n t e d on a T rop icu l to r adjusted for opera t ion in tal l crops (above ) , and in use
for spraying insecticides on pigeonpeas ( b e l o w ) , Ver t isol watershed, F a r h a t a b a d , K a r n a t a k a , postrainy season
1 9 8 4 / 8 5 .
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la rvae p l a n t
- 1
 a t F a r h a t a b a d . A t B e g u m g a n j ,
where f l o w e r i n g s tar ted i n December , we f o u n d
o n l y 0.5 (±0.17) eggs a n d 1.1 (±0.10) la rvae
p l a n t
- 1
. At Begumgan j the H. armigera p o p u l a -
t i o n on the ch i ckpea c r o p was re la t i ve ly h igher
t h a n a t o t he r o n - f a r m loca t ions .
Campoletis chlorideae was the mos t c o m m o n
parasi te of H. armigera at a l l l o ca t i ons , be ing
f o u n d i n 6 3 % o f the sma l l la rvae (1s t -3 rd ins ta r )
co l lec ted f r o m s o r g h u m , a n d i n 4 2 % o f la rvae
co l lec ted f r o m maize . Th i s paras i te was a lso
c o m m o n i n la rvae co l lec ted f r o m ch ickpea a t
Begumgan j , and f r o m pigeonpea a t N a r a y a n k h e d
and F a r h a t a b a d . La rvae co l lec ted f r o m p i g e o n -
pea at Begumgan j were not paras i t ized by C.
chloridae bu t by Eriborus argenteopilosa. T h e
most c o m m o n parasites emerg ing f r o m the large
H. armigera la rvae tha t we col lected were the
d i p t e r a n species Carelia illota and Gorioph-
thalmes halli. H o w e v e r , l a r va l pa ras i t i sm by
these f l ies d i d no t exceed 5%.
Plant Protect ion
T h e deep Ve r t i so l t e c h n o l o g y - v e r i f i c a t i o n t r ia ls
were p ro tec ted by insect ic ides where pest coun ts
ind ica ted tha t the i r use was necessary. D e m o n -
s t ra t ions o f the C D A in use were h i gh l y e f fec t ive ,
and consequent l y some fa rmers i n F a r h a t a b a d
purchased C D A e q u i p m e n t t o replace the i r c o n -
v e n t i o n a l sprayers. A v ideo f i lm on the ' C o n t r o l
o f p igeonpea p o d bore r ' , p r o d u c e d b y I C R I -
S A T , has p roved p o p u l a r i n t r a i n i n g sessions f o r
ex tens ion w o r k e r s and fa rmers .
We m o u n t e d a spray b o o m i n c o r p o r a t i n g 3 to
5 C D A un i ts on a T r o p i c u l t o r ( F i g . 26) and
f o u n d i t conven ien t and ef fect ive f o r s p r a y i n g
p igeonpea a t I C R I S A T Center . We w i l l test th is
assembly in f a rmers ' f ie lds in the c o m i n g season.
T r a i n i n g Courses
W e h o l d t r a i n i n g courses a t I C R I S A T Cen te r s o
tha t o f f icers o f State D e p a r t m e n t s o f A g r i c u l -
tu re can become m o r e f a m i l i a r w i t h v a r i o u s
aspects o f o u r t echno logy be fo re they p l a n a n d
execute p ro jec ts i n the a p p r o p r i a t e areas o f t he i r
states. In 1984 we spent 36 days on t r a i n i n g
courses, a t tended by a t o t a l o f 206 pa r t i c i pan ts .
T h e courses were designed f o r s ta f f f r o m the
D e p a r t m e n t s o f A g r i c u l t u r e o f M a d h y a P r a -
desh, T a m i l N a d u , A n d h r a P radesh , a n d K a r -
n a t a k a . T h e courses lasted f r o m 2 to 9 days , a n d
were p r i n c i p a l l y o f t w o types: superv i so ry , f o r
the senior of f icers o f the State D e p a r t m e n t s , a n d
p rac t i ca l , f o r a g r i c u l t u r a l o f f icers w o r k i n g i n the
field.
R o u t i n e Soi ls L a b o r a t o r y
D u r i n g 1984 we comp le ted 61500 analyses in the
r o u t i n e ana l y t i ca l l a b o r a t o r y , a b o u t 2 0 % m o r e
t h a n the average f o r the past 5 years.
We had p rev ious l y tested s i m p l i f i e d m e t h o d s
to de te rm ine the p o t a s s i u m con ten t o f p l a n t
t issue. These i n v o l v e d po tass i um d e t e r m i n a t i o n
by e i ther an a m m o n i u m a c e t a t e / m a g n e s i u m
acetate m i x t u r e , o r by d i l u t e h y d r o c h l o r i c ac i d .
B o t h are m u c h s imp le r t h a n the c o n v e n t i o n a l
t r i - ac i d d iges t i on m e t h o d , and s h o u l d t h e o r e t i -
ca l ly be equa l l y ef fect ive because po tass i um is
n o t a cons t i t uen t o f the p lan t ' s s t r u c t u r a l c o m p o -
nents. E a r l y eva lua t ions were m a d e on d r i e d
p lan t t issue, bu t we have since used the m e t h o d
on g r a i n samples because the d i f f e ren t t e x t u r e o f
these m a y a l ter e x t r a ava i l ab i l i t y o f p o t a s s i u m .
T a b l e 35 shows t h a t the s imp le and r a p i d H C 1 -
e x t r a c t i o n m e t h o d is also qu i te adequa te f o r
g r a i n samples; because this m e t h o d is m u c h
s imp le r t h a n the o thers , we use i t whenever s a m -
ples do n o t requ i re d iges t ion .
I n t e r n a t i o n a l C o o p e r a t i o n
Resource E v a l u a t i o n i n A f r i c a
Agrometeorology of Burk ina Faso
I n c o o p e r a t i o n w i t h the n a t i o n a l M e t e o r o l o g i c a l
Services o f B u r k i n a Faso , we assembled a n d
ana lyzed da ta o n l o n g - t e r m d a i l y r a i n f a l l ,
t empe ra tu re , p o t e n t i a l e v a p o t r a n s p i r a t i o n , a n d
wa te r ba lance f o r 130 loca t ions in B u r k i n a Faso .
W e have c o m p u t e d the a n n u a l , seasonal ,
m o n t h l y , and decada l (10-day pe r i od ) r a i n f a l l
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Figure 27 . M e a n a n n u a l ra infa l l ( m m ) i n B u r k i n a Faso .
T a b l e 3 5 . Precision of the H C l - e x t r a c t i o n and t r i -ac id digestion methods for de te rmina t ion of K (%) in gra in
samples.
K c o n t e n t (%)
1
C r o p M e t h o d R a n g e M e a n S E
C h i c k p e a H C 1 e x t r a c t i o n
T r i - a c i d
0.94 - 0.98
0.94 - 0.97
0.96
0.96
±0.013
±0.016
P i g e o n p e a H C 1 e x t r a c t i o n
T r i - a c i d
1 . 6 5 - 1.68
1.61 - 1 . 6 5
1.66
1.63
±0.011
±0.017
S o r g h u m H C 1 e x t r a c t i o n
T r i - a c i d
0 .50 - 0.53
0.50 - 0.55
0.52
0.53
±0.013
±0.022
Pea r l m i l l e t H O e x t r a c t i o n
T r i - a c i d
0.65 - 0.67
0.63 - 0.64
0.66
0.63
±0.006
±0.005
1 . B a s e d o n f i v e i n d e p e n d e n t a n a l y s e s .
BURKINA FASO
T O G O
B E N I N
G H A N A
I V O R Y COAST
Fada N ' G o u r m a
Ouagadougou
M A L I
15
14
13
12
11
10
50 0 50 100 150
k m
500
5 4 3 2 1 0 1 2
15
14
13
12
11
10
2
F . o f G r e e n w i c h
1012345
W . o f G r e e n w i c h
1200
1100Gaoua
1000
B o b o - D i o u l a s s o
B o r o m o
F a r a k o - B a
1000
900
800
700 600
Ouah igouya
400
D o r i
400
500
600
N I G E R
700
800
900
Farming Systems 295
to ta l s f o r each l o c a t i o n and p repared maps o f
r a i n f a l l v a r i a b i l i t y across B u r k i n a Faso . T h e f r e -
quency d i s t r i b u t i o n o f the mean a n n u a l r a i n f a l l
a t these loca t ions (Tab le 36) shows t ha t a b o u t
5 5 % o f the s ta t ions fa l l i n the 800-1200 m m
f requency class. Ave rage ra i n fa l l f o r these l oca -
t i ons i s 831 m m , w i t h a CV o f 2 3 % .
T h e i m p r o v e d de l i nea t i on o f the geograph ic
d i s t r i b u t i o n o f m e a n a n n u a l r a i n f a l l i n B u r k i n a
Faso ( F i g . 27) a l l ows a bet ter de l i nea t i on and
subd i v i s i on o f the c l ima t i c zones:
1 . Sahe l i an Z o n e , w i t h less t h a n 650 mm r a i n f a l l
o f h i g h v a r i a b i l i t y i n d i s t r i b u t i o n and a shor t
r a i ny season; ex tends n o r t h o f the 1 4 ° N
la t i t ude .
2 . N o r t h e r n S u d a n i a n Z o n e , between the 650
mm a n d 1000 mm isohyets a n d w i t h a ra i ny
season shor te r t h a n six m o n t h s ; ex tends
between 1 1 ° 3 0 ' a n d 1 4 ° N la t i t ude .
3 . S o u t h e r n S u d a n i a n Z o n e , w i t h greater t h a n
1000 mm m e a n a n n u a l r a i n f a l l received over
a b o u t h a l f o f the year , ex tends s o u t h o f the
11
o
30 'N l a t i t ude .
W e c o m p u t e d the p robab i l i t i e s o f rece iv ing
10, 20, 30 , 40 , a n d 50 mm r a i n f a l l in a g i ven
decadal pe r i od , using M a r k o v cha in probab i l i t ies .
T w e n t y - f i v e maps have been p repared us ing d a t a
T a b l e 36 . Frequency distr ibut ion o f to ta l annua l
ra infa l l ( m m ) for 130 stations in B u r k i n a Faso
1
.
A n n u a l r a i n f a l l ( m m ) S t a t i o n s % o f t o t a l r a i n f a l l
4 0 0 - 500 5 3.8
500 - 600 13 10.0
6 0 0 - 700 17 13.1
7 0 0 - 800 22 16.9
800 - 900 23 17.7
900 - 1000 25 19.3
1000 - 1100 13 10.0
1 1 0 0 - 1200 10 7.7
1200 - 1300 2 1.5
T o t a l 130 100.0
1 . M e a n a n n u a l r a i n f a l l = 831 m m ; S D = 189 m m ; C V = 2 3
( % ) .
f r o m the p r e r a i n y , r a i n y , a n d p o s t r a i n y seasons
over f i ve decades to s h o w the reg iona l pa t te rns in
r a i n f a l l p robab i l i t i e s . W e i den t i f i ed the f o l l o w -
i n g reg iona l pa t te rns f r o m the ca lcu la ted
p robab i l i t i e s :
• I n m i d - M a y , the p r o b a b i l i t i e s o f rece iv ing
even 10 mm o f r a i n f a l l are l o w i n the Sahe l i an
Z o n e , wh i l s t i n the s o u t h e r n S u d a n i a n Z o n e
the p robab i l i t i e s exceed 7 0 % ( F i g . 28). By la te
June the p robab i l i t i e s increase t o 9 0 % in the
n o r t h e r n S u d a n i a n Z o n e , b u t d o n o t reach
this level in the Sahe l ian zone t i l l la te J u l y .
• T h e p robab i l i t i e s o f rece iv ing 30 mm o r m o r e
ra in fa l l d u r i n g J u l y and A u g u s t w h e n c rops
reach act ive vegetat ive g r o w t h are h i g h in the
sou the rn S u d a n i a n Z o n e , b u t l o w i n the Sahe-
l i an Z o n e , w h i c h i s i n agreement w i t h the
k n o w n r isk f o r h igh -va lue c rops o r c rops w i t h
h igh wa te r requ i remen t .
• O u r ca lcu la t ions o f expected a m o u n t s o f r a i n -
fa l l a t speci f ied p robab i l i t i es o f 25, 50 , 75 , a n d
9 0 % show tha t o n l y l oca t ions i n the s o u t h e r n
S u d a n i a n zone have a h i g h p o t e n t i a l f o r
assured c r o p p i n g . N o r t h o f the t h i r t e e n t h
para l le l the expected r a i n f a l l i s l o w .
I n the sou the rn S u d a n i a n Z o n e d u r i n g the d r y
season, the mean m a x i m u m tempera tu res v a r y
between 33 and 3 7 ° C and the m e a n m i n i m u m
tempera tu res between 17 a n d 2 5 ° C . D u r i n g the
ra i ny season the mean m a x i m u m tempe ra tu res
range between 29 -34°C a n d the m e a n m i n i m u m
tempera tu res are a r o u n d 2 1 ° C . I n the n o r t h e r n
S u d a n i a n Z o n e , the m e a n m a x i m u m a i r t e m p e r -
atures d u r i n g the r a i n y season are a b o u t 30-36° C 
wh i l e the mean m i n i m u m tempe ra tu res v a r y
between 20 -25°C . I n the Sahe l i an Z o n e , the
d i u r n a l v a r i a t i o n i n t e m p e r a t u r e i s m a r k e d l y
h igher (15 -20°C) d u r i n g the d r y season t h a n d u r -
i n g the ra iny season ( 8 - 1 0 ° C ) .
Us ing the p r e c i p i t a t i o n a n d p o t e n t i a l e v a p o -
t r a n s p i r a t i o n d a t a f o r e igh t l o c a t i o n s , w e c o m -
pu ted the decada l ava i l ab le s o i l - m o i s t u r e
storage a n d the l eng th o f the g r o w i n g season
using the C o m m o n w e a l t h Sc ien t i f i c a n d I n d u s -
t r i a l Research O r g a n i z a t i o n ( C S I R O ) wa te r -
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Figure 28 . Probabi l i ty (%) o f receiving 10 mm or m o r e ra infa l l f r o m 11 to 20 M a y in B u r k i n a Faso.
balance m o d e l . T h e length o f the g r o w i n g season
var ies f r o m 90 days a t D o r i ( T a b l e 37) t o 210
days a t G a o u a , w i t h 200 m m w a t e r - h o l d i n g
capac i t y . A t D o r i and O u a h i g o u y a , s o i l -
m o i s t u r e a v a i l a b i l i t y w i l l s u p p o r t o n l y a s h o r t -
d u r a t i o n c r o p o f m i l l e t .
Analysis of Rainfa l l in M a l a w i
I C R I S A T has recent ly c o m m e n c e d a n in tens ive
g r o u n d n u t i m p r o v e m e n t p r o g r a m i n M a l a w i i n
c o o p e r a t i o n w i t h the S o u t h e r n A f r i c a n D e v e l -
o p m e n t C o o r d i n a t i o n Con fe rence ( S A D C C )
coun t r i es . To c o m p l e m e n t th is w o r k , a de ta i l ed
a g r o c l i m a t i c d e s c r i p t i o n o f M a l a w i i s be ing
mad e i n c o o p e r a t i o n w i t h the M a l a w i M e t e o r o -
log ica l Services. We c o m p i l e d r a i n f a l l da ta f o r
140 l oca t i ons , a n d c o m m e n c e d c o m p u t e r a n a -
lyses o f a n n u a l , m o n t h l y , and seasonal p r e c i p i t a -
t i o n . T h e da t a f o r f i ve selected s ta t ions loca ted i n
the g r o u n d n u t - g r o w i n g be l t ( F i g . 29) i l l us t ra te
the v a r i a t i o n across the c o u n t r y ( T a b l e 38). T h e
average t o t a l a n n u a l r a i n f a l l a t these f ive l oca -
t ions var ies f r o m 800 t o 1200 m m a n d m o s t ( >
90%) o f the r a i n f a l l i s concen t ra ted i n t o a w e l l -
de f ined ra i ny season e x t e n d i n g f r o m N o v e m b e r
t o M a r c h . T h e m o n t h s M a y t o Sep tember
receive l i t t l e r a i n f a l l .
O u r analyses t o d e t e r m i n e the a m o u n t s o f
r a i n f a l l expected a t d i f f e ren t p r o b a b i l i t i e s
i n v o l v e f i t t ing a G a m m a - d i s t r i b u t i o n cu rve to
the da ta . We use the expected a m o u n t o f r a i n f a l l
a t 7 5 % p r o b a b i l i t y as o u r c r i t e r i o n o f d e p e n d -
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Table 37 . A n n u a l rainfal l in 1984 and predicted length of the growing season (days) for soils w i th water -holding
capacities of 100 and 200 mm for eight stations in B u r k i n a Faso.
S t a t i o n
A n n u a l
r a i n f a l l ( m m )
S o i l w a t e r - h o l d i n g
capac i t y ( m m )
L e n g t h o f g r o w i n g
season (days )
1
G a o u a 1240 100
200
200
210
F a r a k o - B a 1080 100
200
170
180
B o b o - D i o u l a s s o 1076 100
200
160
180
B o r o m o 960 100
200
160
170
F a d a N ' G o u r m a 863 100
200
150
150
O u a g a d o u g o u 774 100
200
150
150
O u a h i g o u y a 689 100
200
110
130
D o r i 505 100
200
90
90
1 . R o u n d e d o f f t o t he neares t 10 d a y s .
Table 38 . M e a n month ly and annua l ra infa l l ( m m ) a t f ive selected locations in the groundnut -growing be l t ,
M a l a w i
1
.
L o c a t i o n
M o n t h B v u m b w e S a l i m a M c h i n j i B o m a C h i t e d z e N s a n j e
J a n u a r y 259 298 239 229 158
F e b r u a r y 217 234 217 182 145
M a r c h 183 248 181 132 132
A p r i l 117 69 68 47 45
M a y 20 12 9 8 12
J u n e 23 3 2 2 16
J u l y 17 1 1 1 13
A u g u s t 12 0 2 1 9
S e p t e m b e r 7 0 2 2 8
O c t o b e r 24 5 19 5 17
N o v e m b e r 101 30 107 77 84
D e c e m b e r 221 212 207 194 150
A n n u a l 1201 1132 1054 880 789
1 . Based o n 5 8 , 3 0 , 2 6 , 4 1 , a n d 3 3 years o f r a i n f a l l d a t a f o r M c h i n j i B o m a , C h i t e d z e , S a l i m a , N s a n j e , a n d B v u m b w e r e s p e c t i v e l y .
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Figure 29 . Loca t io n of f ive stations selected for
ra in fa l l -data analysis in M a l a w i .
ab le r a i n f a l l . A b o u t 8 0 % o f the m e a n a n n u a l
r a i n f a l l is dependab le . R a i n f a l l a t a l l l oca t i ons is
f a i r l y dependab le d u r i n g the g r o w i n g season,
w h i c h exceeds 140 days , a n d is 184 days at
B v u m b w e a n d M c h i n j i B o m a . H o w e v e r , less
t h a n 2 0 m m r a i n c a n b e expected d u r i n g the
p o s t r a i n y season. C r o p s m a t u r i n g i n th is p e r i o d
m a i n l y depend on so i l s torage f o r t he i r m o i s t u r e
( T a b l e 39).
Component Research: I S C
Agroclimatology: Multilocational
Water-Balance Studies in Niger
I n c o o p e r a t i o n w i t h the N a t i o n a l M e t e o r o l o g i -
ca l Services o f N ige r , we in i t i a ted wa te r -ba lance
studies a t three loca t ions in N iger : Sadore ( I S C ) ,
D o s s o , a n d G a y a . We g rew pear l m i l l e t a t
Sadore a n d D o s s o ; a t G a y a , where the mean
a n n u a l r a i n f a l l i s 839 m m , the c rops i nc l uded
sole c rops o f pear l m i l l e t , s o r g h u m , ma ize , and
g r o u n d n u t , a n d in te rc rops o f m i l l e t / g r o u n d n u t
a n d m i l l e t / c o w p e a . We app l i ed N, P , a n d K a t
45 , 20, a n d 25 kg ha
- 1
 o r no fe r t i l i ze r ; bare soi l
was an a d d i t i o n a l t r ea tmen t . We m o n i t o r e d soi l
m o i s t u r e a t 10-15 day in terva ls t h r o u g h o u t the
g r o w i n g season, a n d measured d r y m a t t e r and
L A I a t regu la r in te rva ls .
A t a l l three l oca t i ons , r a i n fa l l i n 1984 was
cons ide rab l y l o w e r t h a n the n o r m a l (Tab le 40).
A t Sado re , the m i l l e t c r o p establ ished we l l w i t h
mode ra te r a i n f a l l a t the end o f M a y a n d ear ly
J u n e , bu t i t suf fered severely f r o m d r o u g h t stress
due t o l o w r a i n f a l l i n A u g u s t and Sep tember . A t
D o s s o , J u l y a n d A u g u s t r a i n f a l l was we l l be low
n o r m a l , b u t g o o d r a i n i n Sep tember he lped the
m i l l e t c r o p . A t G a y a , ma ize and s o r g h u m fa i led
because o f i nsu f f i c ien t r a i n ear l y in the season;
m i l l e t in the sole c r o p as we l l as i n t e r c r o p was
p o o r , b u t late ra ins in Sep tember a l lev ia ted the
d r o u g h t stress.
D r y - m a t t e r d i s t r i b u t i o n i n d i f f e ren t p l an t
c o m p o n e n t s a t Sadore ( F i g . 30) shows the g o o d
es tab l i shment o f m i l l e t i n ear ly June c o n t r i b u t e d
t o v i g o r o u s ear ly g r o w t h w h i c h c o n t i n u e d t i l l
m i d - A u g u s t (70 D A E ) . Subsequent lack o f r a i n
led to loss o f d r y ma t t e r , especia l ly the s tem
c o m p o n e n t . Fe r t i l i ze r t r ea tmen ts s i gn i f i can t l y
increased d r y - m a t t e r a c c u m u l a t i o n .
A t D o s s o , l o w e r r a i n f a l l i n J u l y a n d A u g u s t
( T a b l e 40) led t o s lower ear ly g r o w t h ( F i g . 31)
t h a n a t Sadore . H o w e v e r , a b o v e - n o r m a l r a i n f a l l
M A L A W I
TANZANIA
Nsanje
KILOMETRES
90 0 50 100 
Bvumbwe
Salima
Chitedze
Mchinji
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Tab le 39 . M i n i m u m amounts of seasonal ra infa l l for each of four different probabi l i t ies for f ive selected locat ions
i n M a l a w i
1
.
L e n g t h o f
g r o w i n g
season
2
M i n i m u m a m o u n t o f
r a i n f a l l ( m m ) expec ted
M e a n
r a i n f a l lP r o b a b i l i t y (%)
L o c a t i o n (days) Season
3
D a t e s 90 75 25 10 ( m m )
B v u m b w e 184 D r y 7 M a y - 7 O c t 28 45 104 142 79
P r e r a i n y 8 O c t - 4 N o v 4 9 37 58 26
R a i n y 5 N o v - 2 2 A p r 665 821 1252 1488 1054
P o s t r a i n y 23 A p r - 6 M a y 0 4 58 123 44
M c h i n j i B o m a 184 D r y 7 M a y - 2 1 O c t 2 5 26 44 18
P r e r a i n y 22 O c t - 4 N o v 1 3 23 42 16
R a i n y 5 N o v - 1 5 A p r 707 827 1142 1307 9 9 4
P o s t r a i n y 16 A p r - 6 M a y 2 6 39 69 27
C h i t e d z e 163 D r y 3 0 A p r - 2 8 O c t 3 6 26 43 18
P r e r a i n y 2 9 O c t - 1 8 N o v 3 10 46 77 32
R a i n y 19 N o v - 1 A p r 477 599 942 1132 785
P o s t r a i n y 2 A p r - 2 9 A p r 8 17 63 98 45
N s a n j e 156 D r y 3 0 A p r - 2 1 O c t 29 43 89 118 69
P r e r a i n y 2 2 O c t - 2 5 N o v 8 22 106 176 76
R a i n y 26 N o v - 8 A p r 393 483 733 869 618
P o s t r a i n y 9 A p r - 2 9 A p r 3 9 39 63 27
S a l i m a 142 D r y 2 3 A p r - 1 8 N o v 3 10 59 102 42
P r e r a i n y 19 N o v - 2 D e c 1 5 37 67 26
R a i n y 3 D e c - 1 A p r 574 742 1226 1499 1007
P o s t r a i n y 2 A p r - 2 2 A p r 1 7 78 158 58
1 . Based o n 3 3 , 5 8 , 30 , 2 6 , a n d 4 1 yea rs o f r a i n f a l l d a t a f o r B v u m b w e , M c h i n j i B o m a , C h i t e d z e , N s a n j e , a n d S a l i m a .
2 . G r o w i n g season = R a i n y p l u s p o s t r a i n y seasons.
3 . Seasons a re c o n s i d e r e d a s d r y , p r e r a i n y , r a i n y , a n d p o s t r a i n y w h e n the p r o b a b i l i t y o f g e t t i n g a t least 1 0 m m o f r a i n f a l l i s 0 t o
1 5 % , 15 t o 4 5 % , 45 t o 1 0 0 % , a n d 15 t o 4 5 % .
Table 40 . A c t u a l month ly ra infa l l ( m m ) , compared to n o r m a l a t three locat ions, N iger , 1984.
I S C , S a d o r e D o s s o G a y a
M o n t h 1984 N o r m a l 1984 N o r m a l 1984 N o r m a l
M a y 44 35 46 39 45 65
J u n 42 77 105 77 52 121
J u l 9 ! 143 50 149 99 190
A u g 57 198 58 220 93 257
Sept 26 89 123 107 140 156
O c t 0 17 0 12 21 20
R a i n y season 260 570 380 615 515 831
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Figure 3 0 . D r y - m a t t e r d ist r ibut ion in different plant components o f mi l let cv C I V T , I S C , N iger , ra iny season
1984.
i n Sep tember enhanced c r o p g r o w t h . A t Sado re ,
fe r t i l i ze r a p p l i c a t i o n increased pear l m i l l e t g r a i n
y i e l d , bu t d i d no t s i gn i f i can t l y increase wa te r use
o r W U E ( T a b l e 41) . A t D o s s o , f e r t i l i ze r a p p l i c a -
t i o n s ign i f i can t l y reduced wa te r use, a n d the loss
o f wa te r f r o m the bare so i l was s i m i l a r t o the
wa te r use by the m i l l e t t h a t d i d n o t receive f e r t i l -
izer. A p p a r e n t l y , the g o o d p l a n t c a n o p y o f the
m i l l e t c r o p he lped to reduce wa te r loss by evapo -
r a t i o n f r o m the so i l . Because fe r t i l i ze r increased
m i l l e t y i e l d , the W U E o f the m i l l e t w i t h fe r t i l i ze r
was 2-3 t imes greater t h a n t h a t w i t h o u t fe r t i l i ze r .
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Tab le 4 1 . Pear l mi l let ( C I V T ) water use ( W U ) , grain yield ( Y ) , and water-use efficiency ( W U E ) w i th and wi thout
ferti l izer appl icat ion compared to water loss f r o m bare soi l , Sadore and Dosso , ra iny season 1984.
S a d o r e D o s s o
W U Y W U E W U Y W U E
T r e a t m e n t ( m m ) ( k g ha
- 1
) ( k g ha
-1
 m m
- 1
) ( m m ) ( k g ha
- 1
) ( k g ha
-1
 m m
- 1
)
F e r t i l i z e r 165 410 2.48 247 1120 4.54
N o F e r t i l i z e r 163 290 1.78 270 480 1.78
Bare so i l 232 - - 275 - -
S F ±4.1 ±4.3 ±0.65 ±4.8 ±12 ±0.07
C V (%) 4 30 18 4 4
5
Figure 3 1 . D r y - m a t t e r distr ibut ion in different p lant components o f mi l let cv C I V T , Dosso, B u r k i n a Faso , ra iny
season 1984.
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Nutrients
Phosphorus
We c o n t i n u e d research i n i t i a ted i n 1982 and sup -
p o r t e d b y I F D C , o n the m a n a g e m e n t o f n i t r o g e n
a n d p h o s p h o r u s i n the West A f r i c a n S A T . O u r
p r i o r i t y is to assess the effect iveness of p a r t i a l l y
ac idu la ted r o c k phospha te ( P A R P ) as a source
o f p h o s p h o r u s f o r pear l m i l l e t .
I n spi te o f the severe d r o u g h t th is year , o u r
resu l t s c o n f i r m e d t h e p r e l i m i n a r y resu l t s
o b t a i n e d i n 1983. A t Sado re ( I S C ) , pear l m i l l e t
t rea ted w i t h s ingle superphospha te (SSP) gave
s im i l a r y ie lds to those o b t a i n e d us ing t r i p l e
superphospha te ( T S P ) , o r the t w o P A R P m a t e -
r ia ls , P A R P - 5 0 a n d P A R P - 2 5 ( i .e . , mate r ia ls
p repa red by t r ea t i n g r o c k phospha te w i t h 50 and
2 5 % o f the a m o u n t o f su l f u r i c ac id n o r m a l l y
requ i red to conve r t the re la t i ve ly i nso lub le rock
phospha te ( R P ) t o wa te r -so lub le p h o s p h o r u s
Figure 33 . Effect of rate of superphosphate added on
pearl mi l let yield ( k g ha
- 1
) on three soil series, I S C ,
N iger , 1984.
( W S P ) ( F i g . 32). These results c lear ly i nd ica te
tha t rock phospha te o r P A R P are su i tab le sour -
ces o f p h o s p h o r u s a t I S C .
I n o u r e x p e r i m e n t a t G o b e r y (100 k m S E o f
N i a m e y ) , a l l the i m p r o v e d sources o f P ( S S P ,
T S P , and P A R P - 4 0 ) increased y ie lds t o over 500
kg ha
- 1
 w i t h 25 kg added P ha
- 1
 over the 50 kg
ha
- 1
 in the c o n t r o l ( w i t h o u t added P) , but n o n -
t reated r o c k phosphate increased y ie lds o n l y to
250 k g ha
- 1
.
U n d e r the T ropso i l s p ro jec t (Texas A & M
Un ive rs i t y ) , we are s t u d y i n g the wa te r re la t ions
in f o u r o f the f ive soi l series f o u n d a t the I S C . As
p a r t o f these studies, we app l i ed p h o s p h o r u s a t
three rates (0 , 7.5, and 15 kg P ha
- 1
) to m i l l e t ; we
also app l i ed urea to a l l t rea tments at 46 kg N h a
- 1
as a sp l i t a p p l i c a t i o n . T h e results ( F i g . 33) p r o -
v ide a n o t h e r e x a mp le o f large responses to f e r t i l -
izer P, and ind ica te the need f o r so i l tests to
pred ic t fe r t i l i ze r P requ i rements .
Losses of Nitrogen
I n o u r I F D C - s u p p o r t e d p ro jec t , w e c o n t i n u e d
o u r studies on the mos t a p p r o p r i a t e t ype a n d
m e t h o d o f a p p l i c a t i o n o f n i t r ogenous fe r t i l i ze r
f o r pea r l m i l l e t . F o l l o w i n g the in te res t ing resul t
i n 1983 t h a t urea u n i f o r m l y b roadcas t on the so i l
surface was m o r e ef fect ive t h a n p o i n t p lacement
close to h i l l s s o w n w i t h m i l l e t , i n 1984 we c o m -
y = 3 8 4 + 4 1 . 6 x - 1 . 6 1 x
2
 R = 0 . 9 3 rse = 4 2 . 2
y = 3 7 2 + 4 3 . 3 x - 1 . 8 0 x
2
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2
 R = 0 . 9 8 r s e = 2 2 . 3
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2
 R = 0 . 9 8 rse = 1 9 . 0
Figure 32 . Effect of dif ferent sources of phosphorus
on grain yield ( k g h a
- 1
) o f mi l let , I S C , N iger , ra iny
season 1984. ( T S P - tr iple superphosphate; S S P =
single superphosphate; P A R - 5 0 and P A R - 2 5 = par -
t ial ly acidulated rock phosphate treated w i t h 50 or
2 5 % sulfuric ac id ; RP = rock phosphate) .
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pared t w o d i f f e ren t n i t r ogenous fe r t i l i ze rs , ca l -
c i u m a m m o n i u m n i t r a te ( C A N ) a n d urea.
N i t r o g e n a p p l i c a t i o n increased y ie lds f r o m 530
k g h a
- 1
 t o over 700 k g ha
- 1
. C A N seems the m o r e
ef fect ive fe r t i l i ze r . O u r N analyses s h o w t h a t N 
losses f r o m sp l i t app l i ca t i ons , i n bands , were
2 5 % f o r C A N and 3 5 % f o r u rea ; 5 0 % o f the
app l i ed N was lost f r o m urea po in t - p l aced close
to m i l l e t h i l l s , even t h o u g h sp l i t app l i ca t i ons
were used.
Nitrogen F ixa t ion by Cowpea
Cowpeas f u l f i l a very i m p o r t a n t ro le in c r o p p i n g
systems because o f the i r c a p a b i l i t y t o f i x a t m o -
spheric n i t rogen , and thus i m p r o v e the fe r t i l i t y o f
the so i l f o r subsequent cereal c rops . Th i s year we
in i t i a ted an expe r imen t t o eva luate the t o t a l
a m o u n t o f n i t r ogen f i xed by cowpea as we l l as
the a m o u n t o f n i t r o g e n lef t i n c r o p residues a f ter
g r a i n harvest .
We establ ished 15 separate c r o p t rea tments to
c o m p a r e 4 ex t ra -ear l y , 5 m e d i u m - , a n d 5 l o n g -
d u r a t i o n cowpea cu l t i va rs , w i t h pear l m i l l e t i n
one t r ea tmen t as the c o n t r o l . F o r the e x p e r i m e n -
ta l s i te, we used land k n o w n to be o f l o w so i l -
n i t r ogen status. At s o w i n g we gave a basal
a p p l i c a t i o n o f 400 S S P kg h a
- 1
, and 50 kg N ha
- 1
as urea to the n i t r ogen t rea tmen ts ; we gave th is
a d d i t i o n a l n i t r ogen (50 kg ha
- 1
) a t f l o w e r i n g .
N i t r o g e n fe r t i l i ze r increased n o d u l e n u m b e r s ,
shoot we igh t at 4 a n d 6 weeks, and t o t a l d r y
we igh t o f a l l cu l t i va rs .
Residual Effects of P Fertilizer Application
on Cowpea
In 1983 a t I S C , we i n i t i a ted a l o n g - t e r m e x p e r i -
m e n t to de te rm ine the res idua l effects o f wa te r -
so lub le p h o s p h o r u s app l i ed to cowpea a t 0,13,
and 26 kg P h a
- 1
. Y ie lds of 5 m i l l e t var ie t ies ( 3 / 4
H K , C I V T , P K o l o , S o u n a , a n d Sadore loca l ) ,
g r o w n i n 1984 i n sub-p lo ts w i t h i n the m a i n - p l o t
P t rea tmen ts o f the p rev ious year , showed g o o d
res idua l effects ( F i g . 34) ; g r a i n y ie lds f r o m the
areas p rev ious l y t reated w i t h P were d o u b l e
those f r o m the c o n t r o l t r ea tmen t ( w i t h o u t added
Figure 34 . Residual effect of phosphorus appl ied to
cowpea in 1983 on grain yields ( k g h a
- 1
) of f ive mi l let
cult ivars, I S C , N iger , ra iny season 1984.
Soil Management
Plant-Establishment Studies
Plan t -es tab l i shment p r o b l e m s on the sandy soi ls
a t I S C are usua l l y caused by the c o m b i n a t i o n o f
soi l and c l ima t i c fac to rs . S t r o n g easter ly w i n d s
usua l ly precede ra i ns to rms , caus ing w i n d e r o -
s ion tha t results in seedlings be ing sand b las ted
and bu r i ed i n the sand. I n a n e x p l o r a t o r y f a c t o -
r i a l expe r imen t , we s tud ied the effects o f several
fac to rs : m e t h o d o f p re -sow ing t i l l age , s o w i n g
d e p t h , p l an t spac ing , fe r t i l i ze r a d d i t i o n , a n d d is -
tance f r o m a w i n d b r e a k , on the es tab l i shment ,
ear ly g r o w t h , and y ie ld o f a l oca l pear l m i l l e t
c u l t i v a r (Sadore loca l ) .
W e c o m p a r e d t w o p lan t spacings: s o w i n g o n
hi l ls spaced 1 m a p a r t (a t r a d i t i o n a l m e t h o d ) ,
and d r i l l i n g seed in r ows 75 cm apa r t . F o r b o t h
me tho ds , we used a p rec is ion p l an te r to ensure
consistent seed p lacement a n d seeding ra te .
P h o s p h o r u s a p p l i e d i n 1 9 8 3 ( k g h a
- 1
)
S E
0 13 26
1000
900
800
700
600
500
400
300
200
L o c a l S a d o r e
S a u n o
P 3 K o l o
C I V T
3 / 4 HK
P).
304 Farming Systems 
D u r i n g the f i rs t 2 weeks o f the c rop 's es tab l i sh -
m e n t , t w o sma l l r a i ns to rms preceded b y s t r o n g
w inds p r o v i d e d o n o p p o r t u n i t y t o e x a m i n e the
effects o f the t rea tments on p l a n t s tand and
he ight . T i l l age m e t h o d , p l a n t spac ing , a n d d is -
tance f r o m the w i n d b r e a k caused s ign i f i can t
effects ( T a b l e 42) . P l o w i n g a n d r i d g i n g gave a 
bet ter p l a n t s tand a n d g r o w t h t h a n the c o n t r o l
(zero t i l lage) t rea tmen t . We a t t r i b u t e the ef fect
o f p l o w i n g t o the reduced b u l k dens i ty o f the
surface so i l , t h a t fac i l i t a ted r o o t ex tens i on , a n d
t h a t o f r i d g i n g t o reduced w i n d e ros ion because
o f the r o u g h e r so i l sur face. T h e soi l sur face in the
p l o w e d t r ea tmen t was as s m o o t h as the sur face
in the un t i l l ed p l o t . T h e v o l u m e o f loosened so i l
a f te r p l o w i n g i s m u c h greater t h a n a f te r r i d g i n g .
D r i l l i n g seeds in rows gave s ign i f i can t l y bet ter
p lan t s tand t h a n s o w i n g in h i l l s , despi te a greater
seedl ing m o r t a l i t y between 7 a n d 13 D A S . E m e r -
gence f r o m h i l l s was l o w e r , bu t subsequent m o r -
t a l i t y was a lso l o w e r because o f the m u t u a l
p r o t e c t i o n p r o v i d e d by the c luster o f seedl ings,
t ha t f avo rs the i n n e r m o s t seedl ings; p lan ts were
s ign i f i can t l y ta l le r i n h i l ls t h a n i n d r i l l r o w s .
T h e e x p e r i m e n t was loca ted between t w o
w i n d b r e a k s a l igned in a n o r t h - s o u t h d i r e c t i o n .
S tand es tab l i shment a n d g r o w t h increased w i t h
distance f r o m the p ro tec ted side o f the f i e l d , bu t
these effects were obscured to some ex ten t by
soi l he terogene i ty . Fe r t i l i ze r a p p l i c a t i o n d i d n o t
s ign i f i can t l y i m p r o v e stands or he ight a t th is
ear ly stage in c r o p deve lopmen t . I n t e rac t i ons ,
and the effect o f s o w i n g d e p t h , were a lso n o t
s ign i f i can t .
T w o weeks a f ter s o w i n g , the c r o p was t h i n n e d
to three p lan ts h i l l
- 1
 and a c o r r e s p o n d i n g three
p lan ts m
- 1
 i n d r i l l ed rows . D u r i n g the severe
d r o u g h t i n 1984, on average o n l y 190 mm o f
Tab le 4 2 . Effect o f cu l t iva t ion , sowing m e t h o d , and distance f r o m w i n d w a r d w i n d b r e a k , on establishment and
plant height of mi l let dur ing the first t w o weeks after sowing, Labucher i S a n d A and B, I S C , 1984.
S t a n d dec l i ne (%)
P l a n t s t a n d
at 13 D A S 1
( 1 0
3
 h a
- 1
)
P l a n t he igh t
a t 13 D A S
1
( c m )T r e a t m e n t 3-7 D A S
1
7-13 D A S
1
P r e s o w i n g so i l p r e p a r a t i o n
P l o w e d
R i d g e d
S a n d f i g h t e r
N i l ( z e r o t i l l age )
15
1
18
16
-2
12
19
14
149
151
84
99
14.6
15.6
13.1
10.8
S E ±4.8 ±5.1 ±20.9 ±1.20
S o w i n g m e t h o d
H i l l s '
D r i l l r o w s
1
12
13
-2
24
103
139
16.9
10.2
S E ±3.4 ±3.6 ±14.8 ±0.86
D i s t a n c e f r o m w i n d b r e a k ( m )
3
20
60
100
140
6
11
20
12
6
15
8
14
178
88
95
123
14.4
11.2
12.6
15.9
S E ±6.7 ±7 .2 ±29 .6 ±1 .20
1 . D A S = d a y s a f t e r s o w i n g .
2 . H i l l s , 1 2 5 0 0 h a
- 1
; d r i l l r o w s , 7 5 c m a p a r t .
3 . D i s t a n c e f r o m e a s t e r n w i n d b r e a k t o c e n t e r o f b l o c k .
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ra in fa l l was used by the c r o p . T h e t rea tmen t
effects observed d u r i n g s tand es tab l ishment
(Tab le 42) had d isappeared a lmos t en t i re ly by
harvest . H i l l s o w i n g gave a s ign i f i can t l y (P< 
0.05) h igher g r a i n y ie ld (510 kg ha
- 1
) t h a n d r i l l ed
rows (410 kg ha
- 1
) . T h e a d d i t i o n o f 40 kg N ha
- 1
and 17 kg P ha
- 1
 also increased g ra in y ie lds , f r o m
370 to 540 kg ha
- 1
 ( S E ± 3 1 kg ha
- 1
 f o r b o t h c o m -
par isons) . A l l o ther t rea tments were no t s ign i f i -
can t , except the dep th o f s o w i n g x fe r t i l i ze r
i n t e r a c t i o n , w h i c h was s ign i f i can t f o r T D M
y ie ld .
Rainfa l l -S imulat ion Studies
T h e soi l sur face layer a t I S C is c o m p a c t . T y p i c a l
b u l k densi t ies of surface soi l range f r o m 1.5-1.7 g 
c m *
3
, c o r r e s p o n d i n g to a p o r o s i t y o f 43 -36%.
Such densi t ies m a y h a m p e r r o o t deve lopmen t . A 
weak crust a lso f o r m s on the soi l surface. C u l t i -
v a t i o n loosens the so i l and dest roys the c rus t , bu t
we do no t k n o w h o w l o n g th is effect lasts. We
there fore s tud ied changes in so i l p roper t ies af ter
the a p p l i c a t i o n to f resh ly - t i l l ed soi l o f c o n t r o l l e d
a m o u n t s o f r a i n f a l l w i t h a r a i n f a l l s i m u l a t o r , on
a t yp i ca l sandy soi l a t I S C . T h e soi l was i n i t i a l l y
d r y , w i t h a bare , weak ly -c rus ted surface. T h e
h i g h ra i n fa l l i n tens i ty used (100 m m h
- 1
) d i d n o t
cause r u n o f f even a f ter 2 h of c o n t i n u o u s a p p l i -
c a t i o n . I nc ip ien t p o n d i n g was v is ib le in a few
smal l loca l ized depressions, b u t d isappeared
i m m e d i a t e l y a f ter the r a i n s topped . So i l -sp lash
e r o s i o n , however , was cons iderab le .
C u l t i v a t i o n reduced the b u l k dens i ty o f the
surface soi l (0-15 cm) to 1.22 g cm
-3
 t hus increas-
i ng po ros i t y t o 54%. C o n s o l i d a t i o n , resu l t i ng
f r o m ra i n fa l l i m p a c t d u r i n g f o u r r a i ns to rms
t o t a l l i n g 100 m m , reduced so i l p o r o s i t y f r o m the
i n i t i a l 5 4 % to 51 ± 1.4%, w h i c h was we l l above
the na tu ra l level. Penetrometer measurements
showed tha t t w o m o n t h s af ter p l o w i n g , so i l resis-
tance was s t i l l 5 0 % l owe r i n cu l t i va ted t h a n
in zero- t i l l ed so i l .
Long-Term Soil-Management Experiment
In 1984, we s tar ted a l o n g - t e r m e x p e r i m e n t a t
I S C t o s tudy va r i ous so i l -managemen t fac to rs :
c u l t i v a t i o n , m u l c h i n g , and a d d i t i o n o f N a n d P 
fe r t i l i zer . W e are measu r i ng c r o p g r o w t h a n d
wate r use, a n d changes o f so i l phys i ca l p r o p e r -
ties a n d o rgan ic mat te r . Th ree r u n o f f p l o t s , o f
the 'W i schme ie r ' t ype , were also i n c l u d e d in the
des ign. T h e e x p e r i m e n t i s loca ted on s l o p i n g
l a n d , p rev ious l y unde r bush f a l l o w . T h e c u l t i v a -
t i o n t rea tments consisted o f p l o w i n g , r i d g i n g ,
a n d zero t i l lage. T h e m u l c h t r ea tmen t cons is ted
o f m i l le t stalks (4000 kg ha"
1
) added before t i l l -
age. The fe r t i l i ze r t rea tmen t added 40 kg N ha
- 1
a n d 17 kg P ha
- 1
. In 1984, we sowed a loca l m i l l e t
(cv Sadore) in hi l ls (13300 ha
- 1
) .
In th is i n i t i a l year o f the expe r imen t , estab l ish-
men t was g o o d . T i l l age increased ear ly g r o w t h ,
bu t the mos t advanced p lan ts la ter became m o s t
adversely af fected by severe d r o u g h t . T h e t o t a l
ra in fa l l f r o m sow ing t o the end o f A u g u s t was
158 m m .
T h e c rop d ied f r o m d r o u g h t before i t c o u l d
p roduce g r a i n . H o w e v e r , fe r t i l i ze r a p p l i c a t i o n
s ign i f i can t l y (P <0 .001 ) increased d r y - m a t t e r
y ie lds, f r o m 2270 kg h a
- 1
 on the c o n t r o l p lo ts t o
2990 kg ha
- 1
 ( S E = ±53). T h e a d d i t i o n of c r o p
residues s ign i f i can t l y (P < 0 . 0 5 ) increased y ie ld
f r o m 2440 kg ha
- 1
 to 2820 kg ha
- 1
 ( S E = ±105).
Changes in so i l -mo is tu re con ten t were c o n -
f ined to the t o p 80-100 cm o f the so i l p ro f i l e . T h e
c r o p ex t rac ted mo is tu re a t h igher rates on the
p l o w e d t rea tmen t t h a n on the zero- t i l l ed t rea t -
ment . A l m o s t a l l r a i n f a l l was t ransp i red by the
c r o p . O n the bare Wischme ie r t r ea tmen t , 5 0 % o f
the ra in fa l l was lost by e v a p o r a t i o n .
Effect of Cult ivat ion on Water Use
A separate c u l t i v a t i o n e x p e r i m e n t p r o v i d e d
results c o m p l i m e n t a r y t o those f r o m the l o n g -
t e r m managemen t expe r imen t . W e sowed th is
expe r imen t 9 days ear l ier , thus a l l o w i n g the c r o p
to use ra i n fa l l t ha t w o u l d o therwise have evap-
o r a t e d ; th is p r o v e d c ruc ia l because, i n con t ras t
to the l o n g - t e r m expe r imen t , the c r o p p r o d u c e d
g r a i n (240 kg ha
- 1
 averaged over a l l t rea tments ) .
T o t a l r a i n f a l l between sow ing a n d harvest was
167 m m .
T h e c u l t i v a t i o n t r e a t m e n t s — p l o w i n g , r i d g i n g ,
and c u l t i v a t i o n — s i g n i f i c a n t l y a f fected the m o i s -
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tu re con ten t o f the uppe r 2 -m d e p t h o f the so i l
p ro f i l e . E v a p o t r a n s p i r a t i o n by the c r o p t o ta l l ed
188, 175, 173, and 169 mm f o r p l o w i n g , r i d g i n g ,
c u l t i v a t i n g , a n d the zero- t i l lage c o n t r o l respec-
t ive ly . T h e c o r r e s p o n d i n g T D M yie lds were
5420, 4900, 4400, and 4190 kg ha
- 1
 ( S E = ±470),
thus i n d i c a t i n g g o o d agreement between the
effect o f the t i l lage t rea tments on c r o p y ie ld and
mo is tu re use.
Rejuvenation of Barren Forest Lands
Revegeta t ion exper imen ts were c o m m e n c e d by
the T ropso i l s Pro jec t (Texas A & M Un ive rs i t y )
i n the Guesse lbod i forest , 3 0 k m no r thwes t o f
I S C T h e Guesse lbod i forest consists o f a mosa ic
of vegetated and bare areas, the la t ter resu l t i ng
f r o m r e m o v a l b y e ros ion o f the t h i n layer o f
sandy surface so i l t ha t over l ies an in t rac tab le
clay subso i l . C r u s t i n g o f the exposed c lay surface
causes mos t r a i n f a l l to be shed as r u n o f f .
I m p r o v i n g the i n f i l t r a t i o n o f r a i n i n t o the so i l
appeared to be the key requ i remen t f o r revege-
t a t i ng these bare areas. We there fo re exam ined
the effects o f t w o s imp le t rea tments , a r ranged in
a 2 x 2 f ac to r i a l des ign.
1. H a n d t i l l age , to a d e p t h of 10-15 c m .
2 . M u l c h i n g w i t h tw igs and branches lef t a f te r
t i m b e r - c u t t i n g o f the a d j o i n i n g forested areas.
In 1983, 10 repl icates were establ ished on each
o f t w o con t ras t i ng env i ronmen ts p ro tec ted
f r o m , o r exposed t o , n a t u r a l g raz i ng ( b y goats) .
In 1984 we con t i nued measurements on the p lo ts
establ ished in 1983; a d d i t i o n a l l y , we c o m m e n c e d
s im i la r t rea tments w i t h three repl icates in the
grazed and ungrazed s i tua t ions , t o p r o v i d e b o t h
a c o m p a r i s o n of the f i rs t -season response in
ano the r season, and also to p r o v i d e a c o m p a r i -
son w i t h the 2nd year's results f r o m the o r i g i na l
p lo ts . We measured n a t u r a l revegeta t ion on l y ;
no fer t i l izers were a p p l i e d , n o r were seeds i n t r o -
duced . I n 1983, the r a i n f a l l o f 540 mm was a b o u t
average, a n d in m a r k e d contrast to the very l o w
r a i n f a l l i n 1984. Surveys o f p l an t species a n d
biomass p r o d u c e d in the p l o t s , a n d a l o n g f i xed
transects in the n a t u r a l forest areas were made in
1983 and at the end of the 1984 r a i n y season.
N a t u r a l revegeta t ion d i d no t occu r i n n o n -
t reated areas. B o t h t rea tments p r o m o t e d revege-
t a t i o n (Tab le 43) . D u r i n g the 1st season, h a n d
t i l lage was m o r e ef fect ive (P<0.10) t h a n m u l c h -
i n g i n p r o m o t i n g b iomass p r o d u c t i o n f o r the
expe r imen t establ ished in 1983, bu t there was no
d i f fe rence between m u l c h i n g and t i l lage in the
expe r imen t establ ished in the very d r y 1984 sea-
son. H o w e v e r , d u r i n g the 2nd season a f te r estab-
l i shment , the effect o f m u l c h i n g was greater t h a n
tha t o f t i l lage.
T h e m a i n t a i n e d benef ic ia l effects o f m u l c h i n g
w i t h t i m e appear to be due to a c o m b i n a t i o n o f
fac tors i n c l u d i n g the s tab i l ized sand a n d leaf
m u l c h held w i t h i n the p lo t s , t e rm i te ac t i v i t y ,
decreased soi l -sur face tempera tu res , and pro tec-
t i o n f r o m r a i n impac t . W i n d s to rms are a n
i m p o r t a n t f ac to r because they b l o w sand , leaves,
a n d seeds o n t o the p lo ts . Because the b r a n c h
m u l c h stabi l izes these w i n d b l o w n mate r ia l s , i t
appears to of fer considerable promise fo r p r o m o -
t i ng revegeta t ion as it is read i l y ava i lab le as a 
by -p roduc t o f t i m b e r - c u t t i n g opera t ions i n the
forest .
T h e reduced effectiveness o f the t i l l age-on ly
t rea tment in the 2nd year (1984) appears also to
be due to several fac tors , i n c l u d i n g r e f o r m a t i o n
of the surface crus t , and the loss o f mos t o f the
debr is tha t had accumu la ted in the vegeta t ion in
the prev ious year. Th i s loss of debr is was ac-
c o m p a n i e d by an increase in soi l -sur face t e m -
peratures.
B iomass stands in ad jacent vegetated areas
p r o v i d e a means to evaluate t rea tment pe r fo r -
mance each year. T h e mu lched-p lus - t i l l age t reat -
ments establ ished in 1983 p e r f o r m e d w e l l ,
c o m p a r e d w i t h the a d j o i n i n g vegetated areas in
b o t h years.
We de te rm ined so i l -mo is tu re contents to a 
dep th o f 45 cm a t a p p r o x i m a t e l y 20-day in te r -
vals t h r o u g h o u t the 1984 r a i n y season. S o i l -
mo is tu re contents under newly - t rea ted areas in
1984 showed a s im i l a r pa t t e rn to tha t f o u n d in
1983. I n i t i a l l y , t i l lage was m o r e ef fect ive t h a n
m u l c h i n g i n increas ing ra i n fa l l i n f i l t r a t i o n ( F i g .
35a); i n the 2 n d season, however , m u l c h i n g
increased so i l -mo is tu re con ten t m o r e t h a n t i l -
lage ( F i g . 35b) .
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Figure 35 . Effect of ti l lage and mulching on moisture content of surface soil (0 -30 cm) dur ing the 1984 season for
plots established inside a protective fence in the Guesselbodi forest in ( a ) 1983, and ( b ) 1984.
Table 43 . Effect of mulching and hand-cult ivat ion on natural revegetation of eroded areas on a Typic Paleustult
1
,
Guesselbodi forest, 1983-84.
A n n u a l b i omass p r o d u c t i o n ( k g ha
- 1
)
1983 1984
T r e a t m e n t M e a n S B C V (%) M e a n S E C V (%)
E x p e r i m e n t s ta r ted 1983
2
N i l 0 - - 0 - -
M u l c h
3
210 ±63 131 150 ±42 125
T i l l a g e
4
440 ±112 114 30 ±12 159
M u l c h + t i l l age 960 ±141 65 310 ±56 82
U n d e r a d j o i n i n g
fo res ted area 890 N A
5
- 200 ±31 72
E x p e r i m e n t s ta r ted 1984
2
N i l 0 - -
M u l c h
3
50 ±45 245
T i l l a g e
4
100 ±91 231
M u l c h + t i l l age 80 ±28 89
U n d e r a d j o i n i n g
fo res ted area 200 ±31 72
1 . F a m i l y : s a n d y - s k e l e t a l s i l i ceous , i s o h y p o t h e r m i c .
2 . R e p l i c a t i o n : 20 in 1983, 6 in 1984.
3 . M u l c h o f t ree b ranches a n d t w i g s ,
4 . H a n d c u l t i v a t i o n t o a d e p t h o f 10-15 c m .
5 . N A = N o t a v a i l a b l e .
C o n t r o l
Tillage
M u l c h
T i l l a g e + M u l c h
b . E s t a b l i s h e d 1 9 8 4a . E s t a b l i s h e d 1 9 8 3
10
9
8
7
6
5
4
3
2
1
0
0 40 60 120 160
1 9 8 4 1 9 8 4
0 40 80 120 160
5 E
5 E
C o n t r o l
Tillage
M u l c h
T i l l a g e + M u l c h
10
9
8
7
6
5
4
3
2
1
0
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O u r studies so fa r ind ica te tha t loss, o r recap-
tu re o f a t h i n , easi ly-eroded h o r i z o n o f sandy
so i l , is a key fac to r in the c o n t r a c t i o n or e x p a n -
s ion o f the vegetated area in the forest , and tha t
the ecosystem is very f rag i le .
Sources of Crop Variabi l i ty
H i g h w i t h i n - p l o t v a r i a b i l i t y h inders research a t
I S C and elsewhere in the Sahel , a n d also causes
subs tan t ia l losses o f c r o p y ie ld in f a rmers ' f ie lds.
In 1983 we co l lec ted da ta to p r o v i d e examples o f
the v a r i a b i l i t y over shor t d istances. One such
examp le is s h o w n by the pe r f o rmance of a m i l l e t
c r o p on t w o ad jacent p lo ts in a f ie ld u n i f o r m l y
sown and t reated w i t h fer t i l i zer . I n each p l o t , 49
hi l ls were sown w i t h m i l l e t . I n the p l o t w i t h
bet ter c r o p g r o w t h , m i l l e t p lan ts su rv i ved on 44
hi l ls a n d p roduced 157 heads. In the p l o t w i t h
p o o r e r g r o w t h , p lants surv ived on 11 hi l ls and
p roduced 27 heads. T h e y ie ld f igures are s i m -
i l a r l y con t ras t i ng : f o r the bet ter p lo ts , head
yields ranged f r o m 1160 to 1300 kg h a
- 1
, and 120
to 2340 kg h a
- 1
 i n the p o o r e r p lo ts .
A b o u t 5% o f the 2-ha f ie ld c o n t a i n i n g these
p lo ts had g r o w t h s im i l a r o r worse t h a n tha t on
the p o o r e r p l o t , and a b o u t 9% was occup ied by
crops s im i l a r to the bet ter p l o t . We are concen -
Figure 36 . Exchangeable acidity (1 ) and a l u m i n i u m
(2) a long a transect in a research f ie ld , I S C , Niger .
t r a t i n g on d e t e r m i n i n g the cause o f ex t reme ly
p o o r g r o w t h .
So i l under the poo res t - y ie ld ing crops has
lower p H , and h igher exchangeable ac id i t y and
a l u m i n i u m , t h a n soi l under the h i ghe r - y i e l d i ng
crops ; th is is i l l us t ra ted by so i l analysis a l o n g a 
t ransect between sites w i t h p o o r and g o o d stands
o f m i l l e t ( F i g . 36). Exchangeab le a l u m i n i u m was
h i g h l y cor re la ted w i t h exchangeable ac id i t y
( F i g . 37). S i m i l a r results were also ob ta ined in a 
fa rmer ' s f i e ld .
We are f u r t h e r inves t iga t ing the re la t ive
i m p o r t a n c e o f a l u m i n i u m t o x i c i t y and o the r
p rob lems associated w i t h ac id soi ls , as wel l as
soi l phys ica l character is t ics , as possib le causes of
p a r t i c u l a r l y p o o r m i l l e t g r o w t h . P o t studies are
in progress to s tudy the p H - r e l a t e d p rob lems .
C r o p p i n g Systems
Cowpea Cultivars for Intercropping
We g rouped a t o t a l o f 270 cowpea cu l t i va rs o f
v a r y i n g p lan t types a n d matu r i t i es in 15 d i f fe ren t
t r ia ls i n w h i c h we c o m p a r e d c u l t i v a r pe r fo r -
mance under sole and i n t e r c r o p p i n g w i t h a 
s tandard c u l t i v a r o f m i l l e t . T h e r o w a r range-
men t in the i n t e r c r o p was 1:1 m i l l e t x o w p e a .
1. y = 0 . 7 2 8 - 0 . 0 4 8 x r = 0 . 9 2 rse = 0 . 0 7
2. y = 0 . 4 2 4 - 0 . 0 3 2 x r = 0 . 9 3 rse = 0 . 0 6
1. y = - 0 . 1 4 7 + 0 . 8 2 3 x r = 0 . 9 9 rse = 0 . 0 4
Figure 37 . Exchangeable A1 versus exchangeable
acidity f r o m a transect in a research f ie ld , I S C , Niger .
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In one expe r imen t , 33 cowpea cu l t i va rs p r o -
duced g ra in y ie lds between 600 and 1500 kg ha
- 1
in sole c r o p p i n g ; 20 o f these cu l t i va rs p roduced
respectable y ie lds in the i n t e r c rop despi te the
severe d r o u g h t stress. T h e l o n g - d u r a t i o n loca l
va r ie ty was severely af fected by d r o u g h t , and
p roduced no g ra i n under e i ther c r o p p i n g system.
A l l cu l t i va rs tha t p roduced m o r e t h a n 1000 kg
ha"
1
 o f g r a i n were the s h o r t e r - d u r a t i o n cu l t i va rs
needing on l y 55-70 days to m a t u r i t y .
C o w p e a y ie lds under i n t e r c r o p p i n g were l o w ,
and usua l ly less t h a n 5 0 % of the y ie lds in sole
c r o p p i n g . T h e co r re la t ions between in te r - and
sole-crop yie lds o f the cu l t i vars were pos i t i ve bu t
nons ign i f i can t . S i m i l a r l y , r a n k co r re la t i ons were
n o t s ign i f i can t . T h e effects o f severe d r o u g h t
prevented de tec t ion o f any c o m p o n e n t c r o p
in te rac t i on .
We also exam ined six cowpea cu l t i va rs o f d i f -
ferent ma tu r i t i es i n c o m b i n a t i o n w i t h t w o c o n -
t ras t ing pear l m i l l e t cu l t i va rs . T h e average
cowpea y ie ld of the sole crops was 543 kg ha
- 1
.
Y ie lds o f the cowpea in terc rops ranged f r o m 29
to 46%) o f the so le-crop y ie lds. M i l l e t y ie ld under
i n t e r c r o p p i n g ranged f r o m 12 to 7 6 % o f sole-
c rop y ie ld . Cowpea i n t e r c rop yie lds were c losely
cor re la ted w i t h so le-crop y ie lds ( r = 0.95). C o w -
pea I T 8 2 D 716, a m e d i u m - d u r a t i o n a n d erect
cu l t i va r , y ie lded above average when in ter -
c ropped w i t h e i ther m i l le t cu l t i va r a n d s ign i f i -
can t ly better t h a n T N 8 8 - 6 3 , an i m p r o v e d loca l
cu l t i va r .
O f the p lan t character is t ics measured, p o d
p r o d u c t i o n per un i t area appeared to p rov ide the
mos t sensit ive index of stress caused by in te r -
c r o p p i n g . O n l y 1 ou t of 10 c o m b i n a t i o n s showed
an overa l l advantage o f 19% or m o r e ; these usu -
a l ly i nvo lved an erect de te rm ina te cowpea and a 
t a l l , leafy, loca l m i l l e t cu l t i va r .
Dual-Purpose Cowpea
In N iger , cowpea is g r o w n fo r its g r a i n , or leaf as
a green vegetable, and fo r forage. Preferences f o r
i n d i v i d u a l cowpea p roduc ts d i f f e r f r o m place to
place bu t in mos t areas cowpea cu l t i va rs that
re ta in the i r fo l iage a t m a t u r i t y are genera l ly p re -
fe r red . A l l the cu l t i vars we evaluated were also
rated f o r t he i r ab i l i t y to re ta in the i r leaves 60
days af ter s o w i n g ( D A S ) , and a t harvest .
The r a t i n g was based on a v isua l score of 1 to 5 
(1 = a l l leaves shed and 5 = m o r e t han 95%; leaves
reta ined) , and ac tua l measurements o f a few c u l -
t ivars i n large p lo ts . T h i r t e e n p h o t o p e r i o d -
insensi t ive cu l t i va rs were rated 4 or 5, and also
p roduced acceptable g ra in y ie lds. T h e hay y ie ld
o f seven p r o m i s i n g cu l t i vars ranged f r o m 800 to
2400 kg T D M ha"
1
 i n sole c r o p p i n g and 300 t o
900 k g T D M h a
- 1
 w h e n i n te r c ropped . Such c u l -
t ivars are l i ke l y to be of t remendous advan tage
to the sma l l f a rme r in the Sahel .
Cowpeas in the Mil let-Based Cropping
System in Niger
A l m o s t a l l cowpea p r o d u c t i o n i n N iger o r i g i -
nates f r o m cowpea/cerea ls in te rc rops . Observa-
t ions o f fa rmers ' f ie lds , and economic surveys,
ind icate tha t the in tens i ty o f m i l l e t / c o w p e a
i n t e r c r o p p i n g ranges f r o m 40 to 70%. The most
prevalent cowpea cu l t i vars are the spread ing
photosens i t i ve types, o f ten g r o w n a t very l o w
p lan t popu la t i ons . I n the past, cowpea g r o w n in
N ige r was m a i n l y expo r ted t o n e i g h b o r i n g c o u n -
tr ies, because l i t t le was consumed loca l l y . H o w -
ever, the c rop is fast assuming i m p o r t a n c e in the
diet o f N iger iens. The campa ign by the G o v e r n -
men t to educate the people on the n u t r i t i o n a l
value of cowpeas has been we l l received, as ev i -
denced by the common ly -seen dishes of r ice and
cowpeas sold at street corners and in m a r k e t
places. Red-seeded, med ium-s ized var iet ies are
used f o r th is d i sh , bu t the mos t p o p u l a r are
m e d i u m to large, wh i t e , rough-seeded var iet ies.
F a r m P o w e r a n d E q u i p m e n t
Adaptat ion of the Sandfighter to A n i m a l
Tract ion for Use in the Sahel
Sand b las t ing and b u r i a l o f m i l l e t seedlings c o n -
t inues to prevent c rop establ ishment o f ten f o r c -
i n g fa rmers to resow the i r c rops. Such later
sowings usua l ly result in lower y ie lds. We have
therefore invest igated the use o f a n i m a l - and
t r a c t o r - d r a w n ' sand f igh te rs ' to stabi l ize the
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sandy soils a t I S C .
T h e sand f igh te r i s an i m p l e m e n t t h a t w h e n
used on wet soi ls, makes m a n y sma l l depressions
tha t r e m a i n stable as the so i l dr ies. T h i s
increased sur face roughness gives p r o t e c t i o n
against w i n d e ros ion . F o r the best p r o t e c t i o n ,
the i m p l e m e n t mus t be used on wet so i l a t the
same t i m e as s o w i n g , i.e., as soon a f te r r a i n as
possib le.
We have deve loped a new f o r m o f a n i m a l -
d r a w n sandf igh te r w i t h r emovab le t ines tha t cu t
f o u r rows o f pa i red holes on each r o t a t i o n , leav-
i n g a 1 m x 0.75 m p lan t spac ing pa t t e rn . T h e
pa i red holes are a b o u t 1 0 c m a p a r t t o a l l o w f o r
separate seed a n d fe r t i l i ze r p lacement . We w i l l
test th is new sandf igh te r d u r i n g the 1985 ra i ny
season.
A n i m a l Tract ion for M i l l e t Fa rming
A n i m a l t r a c t i o n i s a su i tab le f o r m o f a g r i c u l t u r a l
mechan i za t i on i n sub-Saharan A f r i c a , b u t its
a d o p t i o n f o r c u l t i v a t i o n i n West A f r i c a
decreases f r o m the s u b h u m i d to the semi -a r id
zones. A n i m a l t r a c t i o n was i n t r oduced i n t o
N ige r a b o u t 1960, b u t i t is s t i l l very rare ly used in
areas where ra i n fa l l is less t h a n 600 m m . We are
there fore s t udy ing ways to i n t r oduce a n i m a l
t r a c t i o n i n t o new areas. O u r studies inc lude the
deve lopment of methods e m p l o y i n g a single
a n i m a l instead of a pa i r .
We are also e x a m i n i n g the effect o f the use o f
a n i m a l t r a c t i o n i n reduc ing l abo r requ i rements
f o r c r o p p r o d u c t i o n . Th i s year, we eva luated six
c u l t i v a t i o n methods a t I S C ; these inc luded t r a d i -
t i o n a l h a n d - c u l t i v a t i o n , and f ive a n i m a l - t r a c t i o n
methods i n v o l v i n g oxen o r donkeys (Tab le 44)
f o r p r i m a r y t i l lage. A l l subsequent opera t ions
(sow ing , weed ing , and t h i n n i n g ) were done in the
same way on a l l t rea tments ; we sowed and
t h i n n e d by h a n d , bu t used d o n k e y - d r a w n c u l t i -
va tors equ ipped w i t h sine hoes f o r weed ing.
We star ted p r i m a r y cu l t i va t ions on the expe r i -
ment i n the beg inn ing o f J u l y , and sowed m i l l e t
by h a n d i n h i l ls ( 10000 ha
- 1
) , w i t h SSP (200 kg
ha"
1
) a n d C A N (100 k g h a
- 1
) fer t i l i zers .
Tab le 45 shows the l a b o r i npu ts requ i red f o r
the var ious f a r m i n g opera t ions . T h e use o f o x e n
T a b l e 4 4 . C u l t i v a t i o n m e t h o d s tested a t I S C ,
Sadore , 1984.
Til lage Power An ima l l ive
operat ion Implement source weight (kg)
Scraping Hand hoe Man -
Plowing Sine hoe
1 1 Donkey 100-140
Plowing Mo ldboa rd p low 2 Oxen 390-430
Scraping Sine hoe 1 Donkey 100-140
Ridging Mo ldboard plow 2 Oxen 390-430
Scraping Canadian
cul t ivator
2 Oxen 390-430
1 . T h r e e - t o o t h e d c u l t i v a t o r .
f o r l and p r e p a r a t i o n , i.e., p l o w i n g o r r i d g i n g ,
reduced the l a b o r requ i remen t f o r supp lemen ta l
so i l p r e p a r a t i o n a n d also reduced the need f o r
l abo r f o r a second s o w i n g because of bet ter c r o p
emergence in soi l r idged by o x e n . We reduced
to ta l seasonal l a b o r requ i remen t by 2 5 % by
us ing the c o m b i n a t i o n o f oxen p o w e r and
r i dg ing .
D r o u g h t stress in O c t o b e r severely reduced
y ie lds , w h i c h were 104-137 kg h a
- 1
 o f g r a i n , and
720-1000 kg h a
- 1
 o f s t raw; t i l lage m e t h o d d i d n o t
s ign i f i can t l y af fect y ie ld .
Component Research—Agronomy
in M a l i
T h e a g r o n o m y p r o g r a m i n M a l i a ims t o deve lop
i m p r o v e d m i l l e t - and sorghum-based c r o p p i n g
Table 45. L a b o r t ime required for soil preparat ion
and total cult ivat ion operations by different methods,
I S C , Sadore 1984
1
.
L a b o r t i m e ( m a n h o u r s h a
- 1
)
M e t h o d S o i l p r e p a r a t i o n A l l o p e r a t i o n s
H a n d t i l l age 28 (± 13)
2
 153 (+12)
P l o w i n g ( d o n k e y s ) 24 (± 8) 148 ( ± 2 5 )
P l o w i n g ( o x e n ) 14 (± 3) 142 (± 18)
S c r a p i n g ( d o n k e y s ) 26 (± 9) 133 (± 14)
R i d g i n g ( o x e n ) 16 (± 4) 114 (± 14)
S c r a p i n g ( o x e n ) 12 (± 7) 144 ( ± 2 2 )
1 . P l o t s ize 45 x 45 m , e i g h t r e p l i c a t i o n s .
2 . F i g u r e s i n pa ran theses a re SEs .
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systems f o r ra in fed f a r m i n g . We give m a j o r
emphasis to studies on i n t e r c r o p p i n g systems,
and t o the a g r o n o m y o f i m p r o v e d cu l t i va rs o f
s o r g h u m a n d o the r c o m p o n e n t c rops .
Intercropping Systems
I n sou the rn M a l i , the n o r m a l a n n u a l r a i n fa l l
exceeds 1000 m m , and the g r o w i n g season is
l o n g . M a i z e / m i l l e t i s the m a j o r i n t e r c r o p p i n g
system t h a t t r a d i t i o n a l l y f o l l o w s c o t t o n . T h i s
system has cons iderab le po ten t i a l f o r in tens i f i ca -
t i o n , because the t e m p o r a l c o m p l e m e n t a r i t y o f a 
s h o r t - d u r a t i o n maize cu l t i va r i n t e r s o w n w i t h
l o n g e r - d u r a t i o n 'San io ' pear l m i l l e t makes the
best use of ex is t ing resources. In 1982 we star ted
to def ine the requ i rements o f th is c r o p p i n g sys-
tem to o p t i m i z e the overa l l p r o d u c t i v i t y . Us ing
fac to r i a l exper imen ts , we are e x a m i n i n g such
factors as t ime o f sow ing o f the m i l l e t i n t e r c r o p ,
dens i ty o f b o t h c o m p o n e n t i n te rc rops , and rate
of fe r t i l i ze r N app l ied to maize.
Yie lds o f the m i l l e t i n te rc rop increased w i t h
earl iness o f s o w i n g date a t b o t h So tuba and
Sikasso (Tab le 46). Bu t the earl iest s o w i n g date ,
when mi l l e t was sown s imu l taneous ly w i t h
maize, caused a m a r k e d reduc t i on in maize
yie lds. A l t h o u g h sow ing delays reduced m i l l e t
Table 46 . Effect of pearl mil let sowing date on grain
yield ( kg ha
- 1
) f r o m maize /mi l l e t intercrops, Sotuba
and Sikasso, M a l i , 1982 and 1984
1
.
Grain yield (kg ha
-1
)
Sotuba Sikasso
Year Mi l let sowing date Maize Mi l le t Maize Mi l le t
1982 At maize sowing date 2480 1860 1600 810
Maize at 4-leaf stage 3660 510 1900 530
Maize at 6-leaf stage 3400 110 2040 270
SE ±96 ±63 ±103 ±70
1984 Maize at 3-leaf stage 1110 1040 1020 1240
Maize at 6-leaf stage 1360 520 980 710
SE ±48 ±50 ±115 ±75
1 . T o t a l r a i n f a l l : S o t u b a — 1 9 8 2 , 928 m m ; 1984, 850 m m ;
N o r m a l , 1100 m m . S i k a s s o — 1 9 8 2 , 1112 m m ; 1984, 860
m m ; N o r m a l , 1200 m m .
y ie lds, the in te rmed ia te date (when the maize
reached the 3- or 4- leaf stage) gave m i l l e t y ie lds
o f 500 k g ha
- 1
.
Increas ing the seed rate o f the m i l l e t i n t e r c r o p
increased its y ie ld w i t h o u t m a r k e d l y reduc ing
the y ie ld o f the maize m a i n c r o p (Tab le 47).
Increas ing maize densi ty to the n o r m a l f o r a sole
c rop increased maize y ie ld and decreased m i l l e t
y ie ld a t So tuba (Tab le 47) , bu t d i d no t cause
sign i f icant effects at Sikasso.
A l t h o u g h maize in southern M a l i i s usual ly
sown in a r o t a t i o n , f o l l o w i n g a we l l - fe r t i l i zed
c o t t o n c r o p , i t general ly receives some a d d i -
t i ona l fer t i l izer . We therefore compared t w o lev-
els o f a d d i t i o n a l n i t rogen in the m a i z e / m i l l e t
i n te rc rop system: the recommended rate o f 40-60
kg N h
- 1
, and twice this rate. Ma i ze responded to
h igher fe r t i l i zer levels at b o t h the locat ions in the
wet ter 1982 season, b u t no t in the d r ie r 1984
season (Tab le 48). A d d e d fer t i l i zer increased
mi l l e t y ie ld a t Sikasso in 1982. Ho we ve r , on
average, the h igher rate of fer t i l i zer N increased
yields on l y s l igh t ly over those w i t h the r e c o m -
mended rate. In te rac t ions between the var ious
management fac tors were no t s ign i f icant across
locat ions and seasons, bu t there were some i n d i -
cat ions tha t maize responded better to fe r t i l i zer
N when m i l l e t is sown later , and tha t the la ter-
sown i n te r c rop y ie ld cou ld be ma in ta ined by
increasing mi l l e t densi ty .
Table 47 . Effect o f intercrop popu la t ion on grain
yield ( kg h a
- 1
) f r o m m a i z e / m i l l e t intercrops, So tuba
and Sikasso, M a l i , 1982 and 1984.
Grain yield (kg ha
-1
)
Populat ion
(plants ha
-1
)
Sotuba Sikasso
Year Maize Mi l le t Maize Mi l le t
1982 Intercrop mil let populat ion varied
15000
30000
3240 650
3110 1010
1830
1880
450
620
SE ±30 ±80 ±120 ±90
1984 Intercrop maize populat ion varied
25000
50000
970 870
1500 680
920
1080
870
1080
SE ±48 ±50 ±115 ±75
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Tab le 48 . Effect of ferti l izer N rates on grain yield
(kg h a
- 1
) f r o m ma ize /mi l l e t intercrops, Sotuba and
Sikasso, M a l i , 1982 and 1984.
G r a i n y ie ld ( k g ha
- 1
)
F e r t i l i z e r N 
( k g h a
- 1
)
S o t u b a S ikasso
Y e a r M a i z e M i l l e t M a i z e M i l l e t
1982 60 2950 790 1760 470
120 3400 860 1940 590
SE ±60 ±100 ±36 ±27
1984 40 1180 690 1060 970
80 1320 810 1300 980
S E ±133 ±87 ±125 ±47
F r o m these studies across loca t ions and sea-
sons we conc lude tha t , f o r o p t i m u m p r o d u c t i v i t y
o f the m i l l e t / m a i z e i n t e r c r o p , m i l l e t shou ld be
s o w n w h e n the maize is at the 3-4 leaf stage,
maize a n d m i l l e t shou ld be sown a t the i r n o r m a l
so le-crop dens i ty (50 000 a n d 30 000 p lan ts h a
- 1
,
and tha t maize shou ld receive the r ecommended
rate of fe r t i l i ze r N (40-60 kg N ha
- 1
) .
We w i l l ex tend o u r present sma l l , p l o t studies
to opera t iona l -sca le eva lua t i on o f i m p r o v e m e n t s
to the t r a d i t i o n a l systems at d i f fe ren t l oca t ions .
Sole Crops
Prev ious a g r o n o m i c research o n i n d i v i d u a l
crops has been m a i n l y restr ic ted to loca l c u l t i -
vars o f s o r g h u m and m i l l e t . D u r i n g 1984, we
eva luated f o r the f i rs t t i m e i m p r o v e d b reed ing
mater ia ls deve loped by o u r s o r g h u m breed ing
p r o g r a m i n M a l i f o r the i r a g r o n o m i c per -
f o r m a n c e .
A g r o n o m i c t r ia ls were a lso i n i t i a ted on f o n i o
(Dig i t a r i a exilis) a n d b a m b a r a g r o u n d n u t
(V igna subterranea), t w o less-studied b u t i m p o r -
tan t ra in fed c rops o f M a l i .
Sorghum
We eva lua ted three i m p r o v e d so rghums unde r
t w o p l a n t - p o p u l a t i o n levels and t w o rates o f
fe r t i l i ze r N a t S o t u b a , w i t h C S M 388 (a loca l
M a l i a n s o r g h u m ) used as a c o n t r o l . T a b l e 49
shows the pe r f o rmance o f these f o u r cu l t i va rs
d u r i n g a year w h e n the t o t a l r a i n f a l l was a b o u t
850 m m ( n o r m a l 1100 m m ) . A l t h o u g h the t o t a l
ra i n fa l l was less t h a n n o r m a l , the d i s t r i b u t i o n
was g o o d w i t h adequate late ra ins.
T h e new s o r g h u m cu l t i va rs f l owe red a n d
m a t u r e d ear l ier t h a n the loca l c o n t r o l . T h e y were
also shor te r , bu t the i r g r a i n y ie lds were no t s ig-
n i f i can t l y greater t h a n tha t o f C S M 388 w h i c h
y ie lded we l l over 2000 kg ha
- 1
. T h e longer -
d u r a t i o n C S M 388 d i d no t , the re fo re , suf fer
f r o m m o i s t u r e def ic iency d u r i n g the c r i t i ca l
f l o w e r i n g p e r i o d . W e expect t ha t the i m p r o v e d
s h o r t e r - d u r a t i o n cu l t i va rs w i l l p e r f o r m bet ter
d u r i n g years w h e n the ra ins s top e a r l y — a char -
acter is t ic o f the recent d r o u g h t years.
Increased p o p u l a t i o n d i d no t increase y ie lds ,
i n d i c a t i n g tha t the present r e c o m m e n d a t i o n o f
50 000 p lants h a
- 1
 is su f f i c ien t , at least in years of
Table 49 . Effect of plant popula t ion and ferti l izer N 
on days to 5 0 % f lower ing , plant height, and grain yield
(kg h a
- 1
) o f four sorghum cult ivars, So tuba , M a l i ,
1984.
D a y s t o P l a n t G r a i n
5 0 % he igh t y i e l d
T r e a t m e n t s f l o w e r i n g ( c m ) ( k g ha
- 1
)
C u l t i v a r s
83 F 4 24 V C 64 180 2360
83 F 6 225 V C 68 142 2550
83 F 6 108 V C 79 140 1540
C S M 388 82 410 2310
S E ±4 ±172
P o p u l a t i o n (p l an t s ha
- 1
)
60 000 74 221 2130
120000 73 216 2260
SE ±3 ±122
N a p p l i e d ( k g ha
- 1
)
0 74 217 2130
40 73 219 2260
S E ±3 ±122
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modera te r a i n f a l l . T h e lack o f a response to
added fe r t i l i ze r N ref lects the res idua l effect of
legumes g r o w n at th is site in p rev ious years.
Fonio (Digi tar ia exilis)
F o n i o , also k n o w n as h u n g r y r ice, i s an i m p o r -
tan t c r o p i n n o r t h e r n M a l i . I t i s n o r m a l l y s o w n
i m m e d i a t e l y a f ter the f i rs t ra ins , before m i l l e t
and s o r g h u m , to p r o v i d e f o o d ear ly i n the sea-
son. To e x a m i n e the p o t e n t i a l f o r i m p r o v i n g i ts
p r o d u c t i v i t y , we eva luated the c r o p a t C inzana
research s ta t ion under t w o p lan t p o p u l a t i o n s ,
three n i t r o g e n , and t w o phospha te fe r t i l i ze r rates
(Tab le 50). T h e ra in fa l l i n C inzana d u r i n g the
g r o w i n g season (550 m m ) was be low n o r m a l
(700 m m ) and er ra t ic . Ea r l y in the season, we
observed tha t the vegetat ive g r o w t h o f the c r o p
responded to s o w i n g dens i ty and fe r t i l i ze r , b u t
h igher sow ing dens i ty and fe r t i l i ze r rates caused
the c rop to suf fer m o r e f r o m stress d u r i n g the
mid-season d r o u g h t .
Table 50 . Effect of seed rate, N, and P fertil izers on
grain and fodder yields ( k g h a
- 1
) o f fon io (Dig i ta r i a
exilis), C inzana , M a l i , 1984.
Y i e l d ( k g ha
- 1
)
T r e a t m e n t G r a i n F o d d e r
Seed ra te ( k g ha
- 1
)
15 580 2770
45 600 2610
S E ±21 ±213
N a p p l i e d ( k g ha
- 1
)
0 670 2870
20 560 2500
40 530 2630
SE ±33 ±170
P a p p l i e d ( k g ha
- 1
)
0 620 2600
20 560 2740
S E ±27 ±137
Bambara N u t (Vigna subterraned)
B a m b a r a n u t i s also an i m p o r t a n t c r o p i n n o r t h -
ern M a l i . We examined i ts response to p l a n t
p o p u l a t i o n and fe r t i l i zer rates i n K o p o r o , where
the ra i n fa l l d u r i n g the year was a b o u t 450 mm
( n o r m a l 600 m m ) . T h e c rop responded t o h ighe r
sow ing dens i ty , bu t i npu ts of N or P d i d no t
cause s ign i f i can t increases in y ie lds (Tab le 51).
Table 5 1 . Effect o f plant popu la t ion , N , and P fer t i l -
izers on grain yields (kg ha
- 1
) of bambara groundnut
(Vigna subterranea), K a p o r o M a l i , 1984.
T r e a t m e n t s G r a i n y ie ld ( k g ha
- 1
)
P o p u l a t i o n ( p l an t s h a
- 1
)
100 000
200 000
300 000
280
450
550
SE ±107
N a p p l i e d ( k g ha
- 1
)
0
23
410
450
S E ±31
P a p p l i e d ( k g ha
- 1
)
0
20
40
±420
420
440
S E ±39
W o r k s h o p s , Conferences ,
a n d Seminars
I C A R / I C R I S A T Joint Meet ing
on Agrocl imatology
T h e object ives o f the mee t ing were to focus
a t t e n t i o n on the need f o r c l ima t i c da ta analys is
i n a g r i c u l t u r a l d e c i s i o n - m a k i n g processes, b o t h
i n o p e r a t i o n a l and strategic t e rms , a n d t o p r o -
v ide a n o p p o r t u n i t y f o r d iscuss ion o n a g r o c l i -
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mat i c research f o r d r y l a n d a g r i c u l t u r e . T h e 38
pa r t i c i pan ts represented 18 ins t i tu tes a n d u n i -
versi t ies i n I n d i a , i n c l u d i n g d i f f e ren t centers o f
the A l l I n d i a C o o r d i n a t e d A g r o m e t e o r o l o g y
Pro jec t , whose c o o r d i n a t i n g cel l i s based a t A l l
I n d i a C o o r d i n a t e d Research Pro jec t o n D r y l a n d
A g r i c u l t u r e ( A I C R P D A ) , n o w C e n t r a l
Research Ins t i t u te f o r D r y l a n d A g r i c u l t u r e
( C R I D A ) , o the r ins t i tu tes i n v o l v e d w i t h I C R I -
S A T i n i ts coope ra t i ve a g r o c l i m a t i c p ro jec t , a n d
I C R I S A T staff . T h e mee t ing was he ld 21-23
F e b r u a r y a t I C R I S A T Cen te r , a n d 2 4 F e b r u a r y
a t the A l l I n d i a C o o r d i n a t e d A g r o m e t e o r o l o g y
Pro jec t Cen te r i n H y d e r a b a d . T h e pa r t i c i pan t s
c o m p i l e d a n d ana lyzed ex i s t i ng m e t e o r o l o g i c a l
da ta f r o m the i r research centers us ing c o m p u t e r
p r o g r a m s ava i lab le f r o m I C R I S A T . T h e y also
w o r k e d o n i ns t r umen ts used i n a g r o m e t e o r o l o g -
ica l observa tor ies , a n d co l lec ted a m i n i m u m set
o f c l ima te , so i l , and c r o p c a n o p y da ta t o eva luate
t h e response o f c r o p s t o e n v i r o n m e n t a l
cond i t i ons .
Pa r t i c i pan t s agreed t ha t the m a i n areas o f
c o o p e r a t i o n w i l l be: analys is o f c l i m a t i c d a t a ,
u p d a t i n g a n d exchange o f m e t e o r o l o g i c a l da ta
co l lec ted a t d i f f e ren t research s ta t ions , c o o p e r a -
t i ve c rop -wea the r response e v a l u a t i o n studies,
a n d the exchange o f c rop -wea the r m o d e l i n g
research i n f o r m a t i o n . T h e y also agreed to h o l d
j o i n t meet ings a n d seminars .
T h e need t o t r a i n a g r o m e t e o r o l o g i c a l p ro jec t
personne l i n da ta ana lys is , m i c r o c l i m a t o l o g i c a l
s tudies, a n d c r o p m o d e l i n g were discussed. T h e
meet ing also emphas ized m e t h o d o l o g y , s tandar -
d i z a t i o n o f i n s t r u m e n t a t i o n , a n d the a d o p t i o n o f
u n i f o r m da ta a c q u i s i t i o n techniques a t a l l c o o p -
e ra t i ng centers. I t was fe l t t h a t u n d e r s t a n d i n g the
a g r o c l i m a t o l o g y o f a reg ion shou ld he lp r a t i o n -
al ize the use o f d r y l a n d f a r m e r s ' scarce
resources.
W o r k s h o p on Intercropping in the Saheiian
and Sahelo-Sudanian Zones of West Afr ica
Organ i zed j o i n t l y b y I C R I S A T Sahe i ian Cente r ,
the I n s t i t u t d u Sahe l ( I N S A H ) a n d the I n t e r n a -
t i o n a l D e v e l o p m e n t Research Cen t re ( I D R C ) ,
this w o r k s h o p was he ld 7-10 N o v e m b e r i n N i a -
mey , N ige r .
T h e object ives o f the w o r k s h o p were: t o
rev iew c u r r e n t a n d past research on i n t e r c r o p -
p i n g i n the r e g i o n ; t o h i gh l i gh t m e t h o d o l o g y ,
des ign , a n d e x p e r i m e n t a l techn iques used in
i n t e r c r o p p i n g research; a n d to discuss research
m e t h o d o l o g i e s a p p r o p r i a t e t o s p e c i f i c
s i tua t ions .
F i f t y pa r t i c i pan t s f r o m B u r k i n a Faso , C a m e -
r o o n , F rance , I n d i a , M a l i , M a u r i t a n i a , N i g e r ,
and N ige r i a pa r t i c i pa ted i n the w o r k s h o p , a n d
th i r teen papers were presented. W o r k i n g g roups
discussed the i m p o r t a n c e o f b o t h sole and in te r -
c r o p p i n g research. A f i n a l r e p o r t s u m m a r i z e d
the r e c o m m e n d a t i o n s o f the w o r k s h o p : p a r t i c i -
pants made a s t r ong s ta tement t ha t i n t e r c r o p -
p i n g systems w a r r a n t e d t h o r o u g h tes t ing as
c r o p p i n g systems f o r inc reas ing f o o d p r o d u c t i o n
in the reg ion . T h e proceedings w i l l be pub l i shed
b y I N S A H .
L o o k i n g A h e a d
A g r o c l i m a t o l o g y . W e w i l l c o n t i n u e o u r e f fo r ts
in a g r o c l i m a t i c desc r i p t i on to assist i n d e t e r m i n -
i n g c r o p p i n g p r o d u c t i o n po ten t ia l s across the
S A T . C o l l a b o r a t i v e research w i l l c o n t i n u e o n
so i l - p lan t -a tmosphere emphas i z i ng responses o f
crops to d r o u g h t stress, e v a p o t r a n s p i r a t i o n -
y ie ld re la t i ons , and water -use ef f ic iency. We w i l l
a lso c o n t i n u e to col lect s tanda rd da ta sets to
deve lop a n d va l ida te pear l m i l l e t and g r o u n d n u t
s i m u l a t i o n mode ls . We have s tar ted to co l lec t
basic da ta sets re levant to ch i ckpea m o d e l i n g .
A p p l i c a t i o n s o f s o r g h u m a n d pear l m i l l e t m o d -
els to assess the p r o d u c t i o n p o t e n t i a l in a range
o f a g r o c l i m a t i c e n v i r o n m e n t s w i l l receive
increas ing a t t e n t i o n .
S o i l physics a n d c o n s e r v a t i o n . W e w i l l c o n -
t i nue to co l lec t basel ine da ta f o r the q u a n t i t a t i v e
assessment o f so i l loss and r u n o f f po ten t ia l s f o r
i m p o r t a n t S A T soi ls , w i t h m a j o r emphas is o n
A l f i so l s . W e w i l l focus o u r act iv i t ies o n c rus t
managemen t , m u l c h i n g , and v a r y i n g in tensi t ies
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o f p r i m a r y and secondary t i l lage. O u r s imu la -
t i o n and m o d e l i n g e f for ts w i l l c o n t i n u e , p a r t i c u -
la r l y f o r p r e d i c t i o n o f r uno f f . T h e r u n o f f m o d e l
based on the c u r v e - n u m b e r techn ique and the
soi l m o i s t u r e a c c o u n t i n g p rocedu re , o r i g i na l l y
deve loped and extens ive ly tested fo r Ver t i so ls ,
w i l l n o w b e tested w i t h da ta f r o m A l f i s o l
watersheds a t I C R I S A T Center and f r o m the
I n d i a n C o u n c i l o f A g r i c u l t u r a l Resea rch
( 1 C A R ) C o o p e r a t i n g Centers.
Soil fertility and chemistry. We w i l l con t i nue
to s tudy n u t r i e n t x wa te r in te rac t ions in studies
o f the fac to rs l i m i t i n g the ava i l ab i l i t y o f n u -
t r ien ts in the so i l . T h e studies on n i t r ogen w i l l be
assisted b y o u r c o l l a b o r a t i o n w i t h I F D C w h i c h
is us ing
1 5
N to exam ine fe r t i l i ze r e f f ic iency over a 
w i d e r range o f env i ronmen ts . O u r l o n g - t e r m
exper imen ts on K and P on A l f i so l s a n d c r o p
ro ta t i ons on Ver t i so ls , the la t ter hand led c o l -
l abo ra t i ve l y w i t h C r o p p i n g Systems, w i l l c o n -
t i nue w i t h increas ing emphasis on the l o n g - t e r m
effects o f t rea tments on soi l f e r t i l i t y .
Land and water management. We w i l l c o n -
t i nue cu r ren t studies on water resources deve lop -
m e n t , supp lemen ta l i r r i g a t i o n , and t i l lage, and
w i l l i n i t i a te studies on the land managemen t o f
sha l l ow ver t ic soi ls. We w i l l be t e r m i n a t i n g the
h y d r o l o g i c studies on the Ve r t i so l watershed
af ter the 1984/85 ra iny season.
Cropping systems. We w i l l con t i nue oper -
a t iona l -sca le eva lua t ions o f the mos t p r o m -
is ing c r o p p i n g systems a t I C R I S A T Center f o r
one m o r e year in o rde r to ensure t h a t measure-
ments o f the systems' pe r fo rmances are ob ta i ned
over a su f f i c ien t n u m b e r o f years. We w i l l a lso
con t i nue operat iona l -sca le eva lua t ions a t o u r
o n - f a r m loca t ions o f Begumgan j and Phanda i n
M a d h y a Pradesh , and T a l o d i n G u j a r a t , and w i l l
i n i t i a te s im i l a r studies on Ver t iso ls a t A d g a o n in
M a h a r a s h t r a . We are also c o m m e n c i n g research
on ag ro fo res t r y i n w h i c h we w i l l e x p l o r e the
p o t e n t i a l o f i n t r o d u c i n g m u l t i p u r p o s e perenn ia l
species i n t o the mos t a p p r o p r i a t e a n n u a l c r o p
systems. I n i t i a l emphasis w i l l be on Leucaena 
leucoephala, w i t h f o d d e r as the m a j o r p r o d u c t .
E x p e r i m e n t a t i o n w i l l b e m u l t i d i s c i p l i n a r y ,
i n v o l v i n g a g r o n o m y , t o m o n i t o r wa te r r u n o f f
and so i l loss, changes in soi l phys ica l p roper t ies ,
and so i l nu t r i en t status. W o r k w i l l also c o m -
mence on me thods f o r c o n t r o l l i n g pe renn ia l
weeds such as Cyperus and Cynodon. 
F a r m power and equipment. We w i l l e x p a n d
o u r c o o p e r a t i o n w i t h research ins t i t u t i ons o f the
I n d i a n n a t i o n a l p r o g r a m and w i l l test p r o m i s i n g
mach ine ry designs at Research Centers as we l l as
o n - f a r m loca t ions . Eva lua t ions w i l l a lso inc lude
imp lemen ts recommended f o r d r y l a n d a g r i c u l -
tu re by those ins t i t u t i ons . We w i l l c o n t i n u e f i e ld
exper iments on in tegra ted weed managemen t ,
fer t i l i zer p lacement , soi l c rus t ing , p r i m a r y t i l l -
age, and pest management equ ipmen t in cooper -
a t i on w i t h scientists f r o m o ther d isc ip l ines. We
w i l l m a i n t a i n o u r techn ica l suppo r t t o those
smal l indust r ies i n I n d i a t ha t are a d o p t i n g
p roven designs f o r c o m m e r c i a l e x p l o i t a t i o n .
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As researchers a t 1 C R I S A T Cen te r advance
the i r w o r k , the n u m b e r o f t e c h n o l o g y op t i ons
t h a t are o f p o t e n t i a l use to f a rmers increases.
A c c o r d i n g l y , t echno logy assessment assumes
increas ing i m p o r t a n c e i n the w o r k o f the E c o -
n o m i c s P r o g r a m i n I n d i a a n d Wes t A f r i c a , w h i l e
fewer studies on behav io r a n d t r a d i t i o n a l
resource managemen t are u n d e r t a k e n .
Techno logy-assessment studies d r a w f r o m a 
w i d e va r ie t y o f da ta sources r a n g i n g f r o m o n -
f a r m tests a n d f a r m surveys t o secondary da ta
f r o m pub l i shed stat ist ics and sc ient i f i c surveys.
These w i d e - r a n g i n g studies o n p e r f o r m a n c e ,
i m p a c t , a n d t e c h n o l o g y prospects p r o v i d e us
w i t h feedback to he lp researchers a n d dec is ion
makers ensure re levance i n d i r e c t i o n a n d t o
de te rm ine p r i o r i t i es i n the i r w o r k .
T e c h n o l o g y Assessment
O n - F a r m T e s t s o f N e w V a r i e t i e s
i n W e s t A f r i c a
O n - f a r m tests focused on the e v a l u a t i o n o f new
s o r g h u m var ie t ies , a n d the measu remen t o f fac-
to rs caus ing the d i f fe rence in y ie lds o f new va r i e -
t ies be tween those g r o w n in f a r m e r s ' f ie lds
c o m p a r e d to the i r research s ta t i on y ie lds.
T h e w h i t e - s o r g h u m var ie t ies I C S V 1002 H V
a n d I C S V 1003 HV g r o w n a t 5 levels o f fe r t i l i zer
a p p l i c a t i o n were tested by near l y 50 f a rmers in
the S u d a n i a n Y a k o v i l lages, and the var iet ies
I C S V 1002 HV and I C S V 1004 HV by a s im i la r
n u m b e r o f fa rmers i n the G u i n e a n B o r o m o
vi l lages.
T h e p l o t size f o r each subp lo t was 100 m
2
.
Each f a r m e r was cons idered a single r ep l i ca t i on
in the analys is . Fa rmers were p r o v i d e d w i t h free
test seeds and fe r t i l i ze r , b u t they conduc ted a l l
ac t iv i t ies themselves. I C R l S A T enumera to r s
m o n i t o r e d fe r t i l i ze r app l i ca t i ons a n d harvest t o
ensure accuracy . Ser ious r a i n f a l l def ic i ts i n a l l
o u r s tudy v i l lages reduced test y ie lds subs tan -
t i a l l y b e l o w levels i n p rev ious years. A n n u a l r a i n -
f a l l to ta ls were 60 -75% o f average i n the
S u d a n i a n v i l lages and 75 -80% o f average i n the
G u i n e a n v i l lages. I n a d d i t i o n t o the aggregate
de f i c i t , pe r i od i c d r o u g h t s occur red i n late J u n e
and the f i r s t h a l f o f J u l y w h e n the m a j o r i t y o f
tests were p l a n t e d (caus ing seedl ing es tab l ish-
m e n t p r o b l e m s ) , t h r o u g h o u t A u g u s t , a n d i n
ear ly Sep tember d u r i n g f l o w e r i n g .
Ave rage y ie lds o f I C S V 1002 HV were 12-20%
h igher t h a n l oca l var iet ies a t a l l f e r t i l i ze r levels i n
the B o r o m o vi l lages ( T a b l e 1). D u e to h i g h v a r i a -
b i l i t y accentuated b y d r o u g h t c o n d i t i o n s h o w -
ever, in no cases d i d tests o f pa i red p lo ts across
sites w i t h i n each fe r t i l i ze r t r e a t m e n t i d e n t i f y s ig -
n i f i c a n t va r i e ta l d i f ferences. I C S V 1002 H V
showed m a r g i n a l (9 -12%) b u t n o n s i g n i f i c a n t
y ie ld supe r i o r i t y over l oca l con t r o l s i n Y a k o
o n l y , a t m o d e r a t e l y - h i g h fe r t i l i ze r doses. I C S V
1003 H V and I C S V 1004 H V y ie lded consis-
t en t l y lower t han the locals at a l l fer t i l izer levels.
We e x a m i n e d the separate c o m p o n e n t s o f
g r a i n y i e l d — p l a n t s h a
- 1
, panic les p l a n t
- 1
, a n d
g r a i n mass pan i c l e
- 1
 to measure va r ie ta l d i f f e r e n -
ces. T h e results show tha t the m a j o r l i m i t i n g
fac to r f o r each o f the test var iet ies was l o w p lan t
s tand f o l l o w e d b y l o w numbers o f panic les
p l a n t
- 1
. I n b o t h the S u d a n i a n a n d N o r t h e r n G u i -
nean test sites, p l a n t s tand a t harvest f o r I C S V
1002 HV was 2 5 % less t h a n f o r the l oca l v a r i -
eties.
P l a n t stands were o n l y 6 8 % o f the loca l c o n -
t r o l var ie t ies f o r I C S V 1003 H V a n d 5 7 % f o r
I C S V 1004 H V . I n b o t h zones va r ie ta l d i f f e ren -
ces in p l an t s tand were s ign i f i can t a t the 0 . 1 %
level o f p r o b a b i l i t y .
T h e n u m b e r o f panic les p l a n t
- 1
 was severely
reduced b y d r o u g h t i n the S u d a n i a n Y a k o v i l -
lages. In the G u i n e a n B o r o m o sites the overa l l
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T a b l e 1 . M e a n y ie lds ( k g h a
- 1
) fo r test and loca l var ie t ies o f w h i t e - g r a i n s o r g h u m a t f ive levels o f f e r t i l i z e r
a p p l i c a t i o n . F a r m e r s ' tests resul ts f r o m 1 0 0 m p lo ts , V a k o a n d B o r o m o study v i l lages , B u r k i n a F a s o , 1 9 8 4
1
.
F e r t i l i z e r
a p p l i e d
( k g h a
- 1
)
G r a i n y i e l d s ( k g h a
- 1
)
Y a k o B o r o m o
I C S V 1 0 0 2
H V
I C S V 1003
H V
I C S V 1 0 0 2
H V
I C S V 1 0 0 4
H VN 1 5 : P 2 3 : K 1 4 U r e a L o c a l M e a n L o c a l M e a n
0
5 0
1 0 0
3 0 0
1 0 0
M e a n
S E
0
0
0
0
5 0
1 3 0
2 0 0
2 3 0
3 8 0
2 6 0
2 4 0
1 2 0
2 0 0
2 5 0
3 5 0
2 9 0
2 3 0
± 3 4
8 0
1 3 0
1 9 0
2 9 0
2 2 0
1 8 0
1 0 0
1 6 0
2 2 0
3 3 0
2 6 0
+ 8 7
4 4 0
5 8 0
7 0 0
8 5 0
8 8 0
6 8 0
5 1 0
6 7 0
8 4 0
9 5 0
1 0 1 0
7 9 0
+ 1 0 4
4 1 0
5 4 0
6 5 0
5 9 0
6 9 0
5 8 0
4 6 0
5 9 0
7 2 0
7 9 0
8 5 0
+ 155
1 . T h e s i g n i f i c a n c e o f d i f f e r e n c e s i n m e a n y i e l d s b e t w e e n e a c h tes t v a r i e t y a n d t h e p a i r e d l o c a l v a r i e t y w a s t e s t e d u s i n g a 
o n e - t a i l e d t - t e s t o f m e a n d i f f e r e n c e s b e t w e e n m a t c h e d p a i r s . T h e o n l y s i g n i f i c a n t d i f f e r e n c e w a s b e t w e e n t h e l o c a l v a r i e t y
a n d I C S V 1 0 0 4 H V a t 3 0 0 k g h a
- 1
 N 1 5 : P 2 3 : K 14 .
average was 2 9 % p lan ts w i t h o u t pan ic les . Sp i t t l e
b u g (Poophilus costalis) a t t acks , observed o n l y
on the test var ie t ies , a n d p o o r head e x e r t i o n
resu l ted in a s i gn i f i can t l y l o w e r r a t i o o f pan ic les
p l a n t
- 1
 f o r the test c o m p a r e d to the l oca l va r i e -
ties in b o t h zones.
C o m p e n s a t i n g f o r the l o w n u m b e r o f heads
h a
- 1
, h o w e v e r , a l l test var iet ies h a d s i gn i f i can t l y
greater g r a i n mass pan ic le
- 1
. I n Y a k o , the test
var iet ies surpassed the loca l c o n t r o l va r i e t y by
3 8 % , a n d i n B o r o m o b y 5 3 % .
A rev iew o f average y ie lds f r o m f a r m e r s ' tests
i n 1983 a n d 1984 shows t ha t I C S V 1002 HV was
in near l y a l l cases supe r i o r to the loca l var ie t ies
u n d e r l o w - f e r t i l i t y c o n d i t i o n s w h e n r a i n f a l l
exceeded 600 m m , a n d u n d e r h i g h - f e r t i l i t y c o n -
d i t i o n s w i t h r a i n f a l l as l o w as 450 m m . T h i s
ref lects the genera l l y w i d e a d a p t a b i l i t y o f the
va r ie t y . T h e l o w r isk o f y i e ld f a i l u re u n d e r b o t h
l o w a n d h i g h f e r t i l i t y re f lected i n y ie ld d i s t r i b u -
t i ons f o r 1983 and 1984 d e m o n s t r a t e cons ide r -
ab le y i e l d s tab i l i t y over a range o f m i c r o -
e n v i r o n m e n t a l c o n d i t i o n s . I C S V 1002 H V a lso
responds w e l l , p r o b a b l y bet ter t h a n l oca l va r i e -
t ies, t o i m p r o v e d so i l t i l lage a n d f e r t i l i t y u n d e r
fa rmers ' managemen t .
W e iden t i f i ed a n u m b e r o f p r o b l e m s w i t h
I C S V 1002 H V i n f a r m e r s ' tests w h i c h , i f e l i m i -
na ted , c o u l d resul t i n subs tan t i a l l y i m p r o v e d
p e r f o r m a n c e a n d a d o p t i o n p o t e n t i a l . These
inc lude : (1) p o o r head e x e r t i o n u n d e r d r o u g h t
stress, (2) suscep t ib i l i t y to sp i t t l e b u g , (3) o n l y
m o d e r a t e resistance to Striga (as ref lected in the
n u m b e r o f Striga p lan ts h i l l
- 1
) , a n d (4) an o v e r l y -
c o m p a c t head w h i c h con t r i bu tes t o h e m i p t e r a n
in fes ta t i on by va r i ous h e m i p t e r a n head bugs ,
a n d g r a i n q u a l i t y p rob lems . I n v i e w o f the l o w
seedl ing emergence a n d p l a n t s tand rates
observed in 1984 ( i n con t ras t to 1983 resul ts) ,
seedl ing es tab l i shment unde r c o n t r o l l e d l o w -
t i l lage c o n d i t i o n s w i l l a lso be ve r i f i ed in f u r t h e r
t r ia ls .
Determinants of Stat ion-to-Farmer
Yield Gap in West Africa
F a r m e r s ' tests since 1980 have s h o w n t h a t m o s t
e l i te var ie t ies su f fer a y ie ld loss of be tween 40
a n d 6 0 % w h e n t rans fe r red f r o m research s t a t i o n
t r ia ls to f a rmer ' s f ie lds , even w h e n c u l t i v a t e d a t
s i m i l a r levels o f f e r t i l i ze r a p p l i c a t i o n ( I C R I S A T
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I C R I S A T researchers and farmers discussing yield gaps in o n - f a r m research in West A f r i ca .
A n n u a l R e p o r t 1983, p . 312). We conduc ted
exper imen ts in three sites d u r i n g 1984 to mea-
sure the p r i n c i p a l causes o f the y ie ld gap . D a t a
o n fa rmers ' managemen t ob ta i ned f r o m f a r m e r s '
tests a n d basel ine surveys suggest t h a t f i ve fac-
to rs were i m p o r t a n t : (1) p l o w i n g o r d i rec t seed-
i n g , (2) t i m i n g o f fe r t i l i ze r a p p l i c a t i o n , (3)
presence o f t ied r idges, (4) p l a n t i n g a r range -
m e n t , and (5) weed ing f requency . We tested
these f i ve fac to rs a t t w o m a n a g e m e n t l e v e l s -
research s ta t i on a n d f a r m e r m a n a g e m e n t in a 2
5
f a c t o r i a l des ign . T h e ac tua l fac to rs used are
s h o w n in T a b l e 2 f o r the t w o m a n a g e m e n t levels.
I C S V 1002 H V was s o w n i n a l l t r ea tmen ts , a n d
100 kg N 1 4 : P 2 3 : K 1 5 ha
- 1
 a n d 50 kg urea ha"
1
were a p p l i e d t h r o u g h o u t . T h e e x p e r i m e n t was
conduc ted a t K a m b o i n s e research s ta t i on as we l l
as i n one v i l lage each in the B o r o m o and Y a k o
zones. T h e e x p e r i m e n t a t K a m b o i n s e fa i l ed
comp le te l y due t o ex tended ear ly - a n d m i d -
season d r o u g h t .
T h e f ive managemen t fac to rs accoun ted f o r
6 5 % y ie ld v a r i a t i o n a t the B o r o m o site a n d 9 0 %
at the Y a k o site. T h e largest and m o s t s ign i f i can t
m a i n effects were f o r t ied r i dg i ng t ha t increased
yie lds b y 4 0 % i n Y a k o a n d b y 7 5 % i n B o r o m o
( T a b l e 3) . I n Y a k o , s ign i f i can t m a i n effects (P = 
0.05) were also observed f o r deep p l o w i n g ( 4 0 %
yie ld increase) a n d t i m e l y weed ing ( 2 0 % y ie ld
increase). P l o w i n g and t ied r i d g i n g had a s i gn i f i -
can t negat ive i n t e r a c t i o n effect on y ie lds i n
Y a k o . A s ign i f i can t pos i t i ve i n t e r a c t i o n was
observed be tween p l o w i n g , weed ing , and t i m i n g
o f fe r t i l i ze r a p p l i c a t i o n i n Y a k o . Th i s ind icates
t h a t t h o r o u g h weed c o n t r o l i s m o s t i m p o r t a n t
where ear ly fe r t i l i ze r a p p l i c a t i o n a n d enhanced
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T a b l e 3 . S o r g h u m y ie lds ( k g h a
- 1
) f r o m f ive m a n a g e m e n t factors app l ied a t levels cor respond ing t o research
s ta t ion t r i a l s a n d f a r m e r s ' tests , resul ts o f y ie ld -gap t r i a l ( p l o t size 2 2 m
2
) , i n t w o v i l l ages , B u r k i n a F a s o ,
1 9 8 4 .
G r a i n y i e l d s ( k g h a
- 1
)
M a n a g e m e n t
f a c t o r s
Y a k o B o r o m o
S
1
 F
2
S F 
P l o w i n g
T i m e o f f e r t i l i z e r a p p l i c a t i o n
T i e d r i d g i n g
P l a n t i n g a r r a n g e m e n t
W e e d i n g f r e q u e n c y
1 0 3 4 7 4 4
8 8 1 8 9 7
1 0 3 0 7 4 8
9 3 1 8 4 7
9 6 9 8 0 9
1 3 7 6 1 0 2 9
1 3 4 4 1 0 6 1
1 5 2 6 * 8 7 9
1 1 5 1 1 2 5 4
1 1 9 4 1 2 1 1
M e a n 8 9 0 1 2 0 0
SE + 3 9 + 1 3 3
S i g n i f i c a n t m a n a g e m e n t f a c t o r
i n t e r a c t i o n s
P l o w i n g x t i e d r i d g i n g
( n e g a t i v e ) * *
P l o w i n g x w e e d i n g t i m i n g
( p o s i t i v e ) *
F e r t i l i z e r a p p l i c a t i o n t i m i n g
x p l o w i n g x w e e d i n g t i m i n g
( n e g a t i v e ) *
N o i n t e r a c t i o n
1. S = R e s e a r c h s t a t i o n .
2. F = F a r m e r s ' f ie ld.
T a b l e 2 . M a n a g e m e n t factors used a t t w o m a n a g e m e n t levels i n d e t e r m i n i n g s t a t i o n - t o - f a r m e r y i e l d gap ,
B u r k i n a F a s o , 1 9 8 4 .
M a n a g e m e n t l e v e l
M a n a g e m e n t f a c t o r S t a t i o n F a r m
P l o w i n g D e e p p l o w i n g D i r e c t s e e d i n g o r s h a l l o w s c a r i f i c a t i o n
T i m e o f f e r t i l i z e r N P K b e f o r e s e e d i n g N P K a n d u r e a a t f i r s t w e e d i n g
a p p l i c a t i o n u r e a 3 0 d a y s l a t e r . ( a p p r o x . 3 0 D A S )
1
T i e d r i d g i n g Y e s N o
P l a n t i n g a r r a n g e m e n t O n e p l a n t h i l l
- 1 2 p l a n t s h i l l
- 1
2 0 c m b e t w e e n h i l l s 6 0 c m b e t w e e n h i l l s
8 0 c m b e t w e e n r o w s 8 0 c m b e t w e e n r o w s
W e e d i n g f r e q u e n c y A s necessa ry f o r w e e d - f r e e 1st w e e d i n g 3 0 D A S
s o i l s u r f a c e 2 n d w e e d i n g 6 0 D A S
1 , D A S = D a y s a f t e r s o w i n g .
Economics 325
so i l m o i s t u r e (due t o l and p r e p a r a t i o n ) c o m b i n e
to increase weed i n f es ta t i on .
A c o m p a r i s o n o f several years ' resul ts f r o m
o n - s t a t i o n t r ia ls a n d f a r m e r s ' tests shows t h a t the
y ie ld gap i s less f o r l oca l t h a n f o r i m p r o v e d
var ie t ies . S ince t ied r i d g i n g a n d deep p l o w i n g are
the m a j o r d e t e r m i n a n t s o f the y ie ld g a p , th is
ref lects the fac t t h a t l oca l var ie t ies are genera l l y
bet te r a d a p t e d to zero p l o w i n g b u t a t the same
t i m e less respons ive to i m p r o v e d t i l l age p rac -
t ices. O n - s t a t i o n t r ia ls p rev i ous l y c o n d u c t e d by
the S A F G R A D - s u p p o r t e d so i l wa te r manage-
m e n t p r o g r a m ( I C R I S A T A n n u a l R e p o r t 1983,
p .298) have a lso d e m o n s t r a t e d s ign i f i can t
r e s p o n s e d i f f e r e n c e s b e t w e e n l o c a l a n d
i m p r o v e d var ie t ies subjected to va r i ous s o i l -
m a n a g e m e n t t rea tmen ts .
N e i t h e r t ied r i d g i n g n o r deep p l o w i n g are
w i d e l y p rac t i ced b y fa rmers f o r s o r g h u m p r o -
d u c t i o n i n the S u d a n i a n o r Sahe l i an zones. W i t h
f ew excep t i ons , mos t f a rm- leve l eva lua t i ons o f
t ied r i d g i n g have s h o w n tha t m a j o r l a b o r b o t t l e -
necks and p o o r y ie ld responses f o r l oca l var ie t ies
u n d e r o n - f a r m f e r t i l i t y c o n d i t i o n s c o n s t r a i n
a d o p t i o n . I nadequa te a n i m a l hea l t h a n d n u t r i -
t i o n , lack o f m a n p o w e r , c o n f l i c t w i t h t i m e l y
s o w i n g , and p o o r y ie ld response o f l oca l var iet ies
t o p l o w i n g s i m i l a r l y i n h i b i t the a d o p t i o n o f
mechan ized p l o w i n g . M o r e respons ive var ie t ies ,
pa r t i cu la r l y those w h i c h have a somewha t sho r t -
e r g r o w t h cycle and c o u l d rel ieve the l a b o r c o n -
s t ra in t , c o u l d m a k e b o t h pract ices m o r e
e c o n o m i c a l . Converse ly , these pract ices m a y be
necessary comp lemen ts to ensure the p e r f o r -
mance o f new var iet ies i n f a rmers ' f i e l ds .
H o w e v e r , f o r b r o a d a d o p t i o n o f s o r g h u m v a -
r ie t ies , especia l ly t r ue f o r f a rmers w h o lack the
c a p i t a l o r m a n p o w e r t o i n t r o d u c e c o m p l e m e n -
t a r y so i l managemen t p rac t ices , s o r g h u m va r ie -
t ies m o r e t o l e r a n t t o l ow- t i l l age m a n a g e m e n t are
essent ia l . T h e c o n t i n u e d se lect ion a n d deve lop -
m e n t o f new var iet ies solely unde r c o n d i t i o n s o f
deep p l o w i n g and t ied r i d g i n g makes i t i m p o s s i -
b le to screen f o r th is t ra i t . T h e sys temat ic screen-
i n g o f var ie t ies unde r l o w - t i l l a g e c o n d i t i o n s
c o u l d reduce the s t a t i o n - t o - f a r m e r y ie ld gap by
p r o d u c i n g var ie t ies bet ter adap ted to s o i l -
m a n a g e m e n t c o n d i t i o n s l i ke l y t o d o m i n a t e i n
m u c h o f Wes t A f r i c a i n the foreseeable f u t u r e .
Effect of Phosphorus Fertilizer on
Mi l le t Yields and Farmers' Returns
in Niger
Tests conduc ted i n p rev ious years ( I C R I S A T
A n n u a l R e p o r t 1982, pp.367-368 a n d 1983,
p.315) had s h o w n t h a t w h i l e p resent ly r e c o m -
m e n d e d i m p r o v e d cu l t i va rs had ve ry l i t t l e o r n o
advan tage over l oca l var ie t ies a t l o w - i n p u t lev-
els, fe r t i l i ze r a p p l i c a t i o n increased y ie lds o f b o t h
loca l and i m p r o v e d cu l t i va rs s i gn i f i can t l y , a n d
t h a t i t c o u l d b e p r o f i t a b l e t o a p p l y fe r t i l i ze rs . I n
o rde r to be t te r u n d e r s t a n d fe r t i l i ze r response
unde r f a r m c o n d i t i o n s , tests i n 1984 concen -
t ra ted o n l y on phospha te fe r t i l i ze r response.
We used a r a n d o m i z e d sp l i t - p l o t des ign ( p l o t
sizes 250 m
2
) to test fe r t i l i ze r response in t r ia ls
managed j o i n t l y by researchers a n d fa rmers .
T w o sources o f p h o s p h o r u s , s ingle super phos -
pha te ( S S P ) a n d p a r t i a l l y ac idu la ted (50%)
N i g e r P a r k W r o c k phospha te ( P A R P ) were
c o m p a r e d a t f o u r levels o f P 2 O 5 ( 0 , 12, 24 , a n d 36
kg ha
- 1
) us ing f a rmers ' l oca l var ie t ies . We ap-
p l i ed 30 kg N as c a l c i u m a m m o n i u m n i t r a t e
( C A N ) i n a l l t r ea tmen ts . T h e n i t r o g e n was ap -
p l i ed in t w o sp l i t doses, a p p r o x i m a t e l y 15 days
af te r seedl ing emergence and 30 days la ter . T h e
p h o s p h o r u s was broadcas t bu t n o t i n c o r p o r a t e d
a t the t i m e o f p l o t l a y o u t , 2-4 weeks be fo re
s o w i n g .
T h e tests were conduc ted in a b o u t 30 fa rmers '
f i e lds in each o f the f o u r v i l lages where basel ine
studies are be ing c o n d u c t e d . Fe r t i l i ze r a p p l i c a -
t i o n , ha rves t i ng , a n d r e c o r d i n g o f test resul ts was
m o n i t o r e d by research techn ic ians . F a r m e r s
sowed the i r o w n var iet ies a n d ca r r i ed o u t a l l
t he i r usua l c u l t u r a l pract ices.
E a c h f a r m e r h a d f o u r 250 m
2
 p l o t s — t h e zero
t r e a t m e n t , one level o f S S P , the same level o f
P A R P , a n d a d i f f e ren t dose o f e i ther S S P o r
P A R P . T h u s , every t r ea tmen t occu r red 16 t imes
in a 30 -househo ld v i l l age , except f o r the zero
t r e a t m e n t w h i c h occu r red 30 t imes.
R a i n f a l l i n a l l the s tudy vi l lages was subs tan -
t i a l l y l o w e r t h a n the l o n g - t e r m average ( T a b l e 4 ) .
326 Economics 
T a b l e 4 . A n n u a l r a i n f a l l ( m m ) i n four v i l lages i n
western N i g e r w h e r e f a r m e r s ' tests w e r e conducted
in 1 9 8 4 .
V i l l a g e s
L o n g t e r m
a v e r a g e 1 9 8 2 1 9 8 3 1 9 8 4
D a l l o l B o s s o
F a b i d j i
G o b e r y
Z a m a n g a n d a
Sade i ze K o i r a
S a m a r i
6 0 0
4 0 0
NA
1
5 4 0
2 4 0
N A
4 1 0
3 9 2
3 6 1
3 4 5
3 6 9
4 2 2
2 1 5
1 6 0
1 . N A = n o t a v a i l a b l e .
W h i l e the s o u t h e r n v i l lages ( F a b i d j i a n d G o b -
ery ) received e n o u g h r a i n f a l l t o a l l o w c rops t o
reach m a t u r i t y a n d harves t , the r a i n f a l l i n Sade-
ize K o i r a ( o n l y 6 0 % o f 1983 r a i n f a l l ) a n d S a m a r i ,
( o n l y 4 6 % o f 1983 r a i n f a l l ) was insu f f i c ien t t o
a l l o w a harves t , p a r t i c u l a r l y as late ra ins in Sep-
t embe r fe l l t o o late to be o f use to the m i l l e t c r o p .
T h u s the f a rmers ' tests i n these t w o v i l lages p r o -
duced no y i e l d , as was the case w i t h v i r t u a l l y a l l
the f a r m e r s ' f ie lds .
Because o f the d r o u g h t s i t u a t i o n m i l l e t g r a i n
y ie lds were ve ry l o w . M e a n g r a i n y ie lds were
4 4 - 1 3 0 % h igher f o r a l l f e r t i l i zed c o m p a r e d t o
non fe r t i l i zed t rea tmen ts t ha t received fe r t i l i ze r
except f o r the 12 kg P app l i ed as P A R P in
F a b i d j i . B u t these increases were s ign i f i can t (P = 
0.05) o n l y at the 24 -kg and 36 -kg P levels except
f o r the 36 kg P as P A R P ( T a b l e 5) . T h e h i g h
v a r i a t i o n i n y ie lds w i t h i n t r ea tmen ts , as i n d i -
cated by the h i gh s tanda rd dev ia t i ons , showed
t h a t o the r fac to rs had m u c h effect on the y ie lds .
We app l i ed the p a r t i a l budge t analys is t o
ex am ine the economics o f fe r t i l i ze r use u n d e r the
c o n d i t i o n s p r e v a i l i n g in 1984. S ince the e x p l o r a -
t o r y regression analys is had ind i ca ted the i m p o r -
tance o f s o w i n g da te , to be i m m e d i a t e l y a f te r the
f i rs t r a i n , and q u a n t i t y o f fe r t i l i ze r i n e x p l a i n i n g
y ie lds , the fa rmers were d i v i d e d i n t o 16 g r o u p s
based on these c r i t e r i a w i t h v i l l age l o c a t i o n
rep lac ing r a i n f a l l . T h e charac ter is t i cs o f the
g roups are s h o w n in T a b l e 6 . S ince g r o u p 8 ( la te
s o w i n g w i t h 3 6 k g p h o s p h o r u s i n F a b i d j i ) c o n -
ta ined o n l y one va l i d case, i t was n o t i n c l uded in
the ana lys is .
T h e resul ts in T a b l e 7 s h o w t h a t on the aver -
age, f inanc ia l re tu rns a t f a r m site were pos i t i ve
f o r a l l g r o u p s a n d were h ighest a t 24 un i t s o f
p h o s p h o r u s w h e n the c r o p was s o w n o n t i m e
( w i t h i n 4 days o f the f i rs t m a j o r r a i n f a l l ) . L a t e
s o w i n g resu l ted in subs tan t i a l decreases in net
T a b l e 5 . M e a n y ie lds ( k g ha -
1
) fo r local pear l m i l l e t var ie t ies a t four levels o f phosphorus , f a r m e r s ' tests
resul ts , w e s t e r n N i g e r , 1 9 8 4 .
M e a n y i e l d s ( k g h a - ' )
F a b i d j i G o b e r y
P h o s p h o r u s
( k g h a - ' )
P A R P ' S S P
2 P A R P S S P
M e a n S D M e a n S D M e a n S D M e a n S D
0
12
2 4
36
S E
1 4 0 + 6 5
1 4 0 118
2 2 0 *
3
 7 2
2 1 0 1 2 2
+ 4 4
1 4 0 + 6 5
2 1 0 1 2 2
2 6 0 * 123
2 3 0 * 9 9
+ 2 5
1 3 0 + 1 0 0
1 9 0 118
2 0 0 * 109
2 4 0 * 139
+ 2 6
1 3 0
1 9 0
3 2 0 *
2 9 0 *
+ 6 8
8 4
+ 1 0 9
148
1 0 4
1 . P A R P = P a r t i a l l y - A c i d u l a t e d R o c k P h o s p h a t e .
2 . S S P = S i n g l e S u p e r P h o s p h a t e .
3 . P r o b a b i l i t y l e v e l o f s i g n i f i c a n c e o f d i f f e r e n c e o f m e a n y i e l d s b e t w e e n e a c h l e v e l / s o u r c e o f f e r t i l i z e r a n d t h e t r e a t m e n t
u s i n g t w o - t a i l e d t - t e s t s i s * = 0 . 0 5 .
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T a b l e 6 . P e a r l m i l l e t g r a i n y ie lds ( k g h a
- 1
) , t ime l iness o f p l a n t i n g , level o f phosphorus , a n d g r a i n / f e r t i l i z e r
ra t ios f o r d i f fe rent groups i n t w o v i l lages, wes te rn N i g e r , 1 9 8 4 .
G r o u p N u m b e r o f p l o t s M e a n S D L
1 P
2
M / P
3
F a b i d j i
1 17 155 6 4 T 0
2 14 2 1 6 141 T 12 5.1
3 17 2 6 5 9 9 T 2 4 4 . 6
4 2 0 2 3 1 106 T 36 2.1
5 5 102 3 7 L 0 —
6 8 119 43 L 12 1.4
7 5 142 37 L 2 4 1.4
G o b e r y
1 2 0 151 115 T 0
2 16 2 0 8 9 8 T 12 4 . 7
3 2 3 2 6 5 138 T 2 4 4 . 7
4 21 2 8 8 135 T 3 6 3.8
5 8 6 5 61 L 0 —
6 9 118 74 L 12 4 . 4
7 5 172 8 0 L 2 4 4 . 4
8 7 188 4 0 L 36 3 .4
1 . T = P l a n t i n g w i t h i n 4 d a y s o f t h e f i r s t r a i n .
L = P l a n t i n g m o r e t h a n 4 d a y s a f t e r t h e f i r s t r a i n .
2 . N u r t i e n t b a s i s ( k g h a - ' ) -
3 . K g m i l l e t g r a i n p e r k g p h o s p h o r u s a p p l i e d .
revenue p a r t i c u l a r l y i n F a b i d j i , where t o t a l r a i n -
f a l l was l o w e r t h a n i n G o b e r y . A t unsubs id i zed
w o r l d m a r k e t pr ices o f fe r t i l i ze r , net re tu rns were
subs tan t i a l l y reduced , bu t r ema ined pos i t i ve f o r
a l l g roups i n the h i g h e r - r a i n f a l l v i l l age ( G o b e r y ) .
T h e y were negat ive f o r l a te -sown c rops i n
F a b i d j i , a n d a t 36 kg p h o s p h o r u s , even w h e n
s o w n o n t i m e .
W e conc lude tha t p r o v i d e d f a rmers sow the i r
m i l l e t c r o p on t ime a n d there i s su f f i c ien t r a i n f a l l
to harvest a c r o p , p h o s p h o r u s fe r t i l i ze r a p p l i c a -
t i o n up to the 2 4 - k g P ha
- 1
 level is l i ke l y to be
e c o n o m i c a l .
C o n t r i b u t i o n s o f P r o d u c t i o n F a c t o r s
t o the R e t u r n s f r o m I m p r o v e d
Ver t iso l T e c h n o l o g y
W e used the da ta co l lec ted f r o m the o n - f a r m
research site i n T a d d a n p a l l y v i l lage o f A n d h r a
Pradesh d u r i n g 1981-82 in m o d e l i n g representa-
t ive f a rms t o eva luate the a d o p t i o n p o t e n t i a l o f
the i m p r o v e d V e r t i s o l t e c h n o l o g y ( 1 C R I S A T
A n n u a l R e p o r t 1983, p.315) and to measure the
consequen t ia l changes in f ac to r shares.
T h e w h o l e - f a r m models show tha t the i m -
p roved t echno logy can be expected to be
adop ted o n opera ted l and o f 7 5 % s m a l l , a n d 9 0 %
large f a r m s , and t h a t i t of fers a t t rac t i ve rates o f
r e t u r n o n ex t ra costs. T h e i m p r o v e d techno logy
raises gross revenue subs tan t ia l l y on b o t h f a r m
types (Tab le 8). As a resu l t , abso lu te values of
re turns o n a lmos t a l l fac to rs i n c l u d i n g h u m a n
l a b o r rise sharp ly .
T h e fac to r share o f cap i ta l rises w i t h the
i m p r o v e d t echno logy m a i n l y because o f the
i n t r o d u c t i o n o f the wheeled t o o l car r ie r ( W T C )
a n d increased fe r t i l i ze r use. F o r b o t h f a r m types,
7 5 % o f the increase in re turns i s due to increased
fe r t i l i ze r use. T h e fac to r share o f b u l l o c k l a b o r
decl ines b y a b o u t 1 0 % because the W T C
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T a b l e 7 . A n a l y s i s o f re turns t o phosphorus fe r t i l i ze r use i n p e a r l m i l l e t p roduct ion i n w e s t e r n N i g e r i n 1 9 8 4 ,
using domest ic m a r k e t prices for g r a i n and s t r a w , and subsidized fe r t i l i ze r prices ( F C F A h a
- 1
)
1
.
R e t u r n s
G r o s s r e v e n u e T o t a l cos t T o t a l N e t
2
F a r m g r o u p ( 0 0 0 C F A ) ( 0 0 0 C F A ) ( 0 0 0 C F A ) ( 0 0 0 C F A ) R / P
3
F a b i d j i
1 2 6 3 .3 2 3 — —
2 3 4 5 .7 2 8 5.5 3 .3
3 4 1 8.1 33 10.1 3.1
4 37 10 .5 27 4 . 1 1.6
5 18 3.3 15 — —
6 21 5.7 15 0 .5 1.2
7 2 3 8.1 15 0 . 5 1.1
G o b e r y
1 2 2 3.3 19 — —
2 3 0 5.7 25 5.5 3.3
3 39 8.1 31 11 .8 3.5
4 4 2 10.5 32 12 .6 2 . 8
5 11 3.3 8 — —
6 18 5.7 13 5.1 3.1
7 2 7 8.1 19 11 .3 3 .3
8 2 9 10.5 19 11 .0 2 .5
1 . P r i c e s u s e d a r e t h e a v e r a g e o f p r i c e s p a i d b y f a r m e r s i n t h e s t u d y v i l l a g e s i .e . , 1 3 0 F C F A k g
- 1
 f o r m i l l e t g r a i n ,
8 F C F A k g
- 1
 f o r m i l l e t s t r a w , 1 0 9 F C F A k g
- 1
 f o r N , a n d 2 0 0 F C F A k g
- 1
 f o r P .
2 . C h a n g e d u e t o f e r t i l i z e r u s e .
3 . N e t r e t u r n s ( F C F A ) F F - ' i n v e s t e d i n p h o s p h a t e f e r t i l i z e r .
T a b l e 8 . I m p a c t o f i m p r o v e d technology o n re turns t o factors ( resul ts f r o m w h o l e - f a r m m o d e l i n g ,
T a d d a n p a l l y , I n d i a ) .
S m a l l f a r m ( 1 . 5 3 ha ) L a r g e f a r m ( 6 . 8 8 h a )
T r a d i t i o n a l I m p r o v e d T r a d i t i o n a l I m p r o v e d
t e c h n o l o g y t e c h n o l o g y t e c h n o l o g y t e c h n o l o g y
F a c t o r s ( R s ) (%) ( R s ) (%) ( R s ) (%) ( R s ) (%)
G r o s s r e v e n u e 2 8 7 0 100 6 5 6 5 100 1 6 9 3 0 100 3 0 1 2 0 1 0 0
L a n d 7 9 4 2 7 . 7 1 0 5 7 16.1 3 5 7 0 2 1 . 1 4 5 5 0 15.1
L a b o r 5 7 6 2 0 . 1 9 3 2 14.2 4 1 2 0 2 4 . 3 5 3 2 7 17 .7
C a p i t a l
N o n - l a n d assets 192 6 .7 3 0 7 4 . 7 2 5 3 5 1 5 . 0 2 9 6 5 9 .8
I r r i g a t i o n i n f r a s t r u c t u r e 0 0 0 0 1 9 6 2 11 .6 1 9 6 2 6.5
W h e e l e d t o o l c a r r i e r 0 0 115 1.8 0 0 4 3 0 1.4
V a r i a b l e e x p e n d i t u r e 7 9 7 2 7 . 8 1 5 6 1 2 3 . 8 5 4 3 4 3 2 . 1 8 4 4 5 2 8 . 0
F e r t i l i z e r 3 7 1.3 7 1 0 10 .8 9 0 0 5 .3 3 6 0 0 12 .0
B u l l o c k 193 6 . 7 173 2 . 6 1 3 8 5 8 .2 1 2 1 3 4 . 0
T o t a l c a p i t a l 9 8 9 3 4 . 5 1868 2 8 . 5 7 9 7 0 4 7 . 1 1 1 4 1 0 3 7 . 9
R e s i d u a l 5 1 1 17.8 2 7 0 8 4 1 . 2 1 2 7 1 7.5 8 8 3 3 2 9 . 3
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increases b u l l o c k l a b o r e f f ic iency by a fac to r o f
2.15 over t r a d i t i o n a l imp lemen ts . A l t h o u g h n o t
accoun ted f o r by the m o d e l , the overa l l d e m a n d
f o r b u l l o c k l a b o r m a y increase due to the der i ved
d e m a n d f o r t r a n s p o r t a t i o n because o f a d d i t i o n a l
i npu ts and ou tpu t s .
W i t h i m p r o v e d techno logy , the fac to r shares
o f a lmos t a l l fac tors except fe r t i l i zer dec l ine sub -
s tan t ia l l y , i n d i c a t i n g fac to r -sav ing t echno log i ca l
change.
L a b o r ' s share in increased revenue comes
second to fer t i l i zer . T h e degree o f increased
revenue due to l abo r (9%) compares f a v o r a b l y
w i t h est imates o f 2 to 5% ob ta ined f o r the h i g h -
y i e l d i ng var iet ies o f wheat and r ice. L a b o r p r o -
duces a h ighe r p r o p o r t i o n of increased gross
revenue t h a n l a n d , w h i c h indicates t ha t the
i m p r o v e d techno logy has po ten t i a l to augmen t
land and l a b o r use.
T h e i m p a c t o f the i m p r o v e d t echno logy o n
i n c o m e d i s t r i b u t i o n can be v iewed by l i n k i n g the
f u n c t i o n a l d i s t r i b u t i o n o f i n c o m e f o r fac to rs o f
p r o d u c t i o n w i t h the persona l d i s t r i b u t i o n o f
i n c o m e f o r d i f fe ren t soc ioeconomic g roups .
W i t h the i m p r o v e d t echno logy , sma l l f a rms tha t
compr i se 7 6 % o f the sample , receive 3 6 % o f the
t o t a l net i n c o m e w h e n they o n l y have access to
loca l t echno logy . W i t h the i n t r o d u c t i o n o f
i m p r o v e d t echno logy the i r i n c o m e share rises to
4 3 % , w h i l e the i ncome share t ha t goes to large
fa rms fal ls f r o m 64 t o 5 7 % .
Credit Needs of Vertisol Technology
Cash on h a n d to meet va r iab le c r o p expenses is
one very i m p o r t a n t f ac to r t ha t m a y l i m i t the
ex ten t o f t rans fer o f V e r t i s o l t echno logy i n the
cred i t -s ta rved e c o n o m y o f d r y l a n d regions o f
I n d i a . O u r surveys a t T a d d a n p a l l y a n d B e g u m -
ganj show tha t s h o r t - t e r m cash requ i rements f o r
the i m p r o v e d t echno logy are tw ice as m u c h as
f o r l oca l t echno logy . T h e a d d i t i o n a l r equ i re -
m e n t is in the range o f Rs 600 to 1300 h a
- 1
 a n d
varies f r o m reg ion t o reg ion .
I n the T a d d a n p a l l y / S u l t a n p u r area, the c r o p
loan shou ld be a r o u n d Rs 1000 h a
- 1
 a
- 1
, r a n g i n g
f r o m Rs 400 f o r pos t r a i ny season sole s o r g h u m
to Rs 1550 f o r sequent ia l l y c r o p p e d ma ize -
ch i ckpea . S i m i l a r requ i rements were f o u n d f o r
the F a r h a t a b a d area o f K a r n a t a k a , whe re the
l o a n s h o u l d a m o u n t to Rs. 1050 ha
- 1
 a
- 1
 r a n g i n g
f r o m Rs 600 f o r p o s t r a i n y season sole s o r g h u m
to Rs 1450 f o r i n t e r c r o p p e d g r o u n d n u t / p i g e o n -
pea. F o r the B egumgan j area an average a m o u n t
o f Rs 2050 h a
- 1
 a
- 1
 w o u l d be r e q u i r e d , r a n g i n g
f r o m R s 1200 f o r i n t e r c ropped s o r g h u m / p i g e o n -
pea to Rs 3000 f o r soybean f o l l o w e d sequent ia l l y
by whea t o r ch i ckpea . These f igures are ve ry
sensit ive to changes in i n p u t pr ices, there fo re any
designed scale of f i nance has to be su f f i c ien t l y
f l ex i b l e t o adap t t o l oca l c o n d i t i o n s and cu r ren t
pr ices.
W e e m p l o y e d w h o l e - f a r m mode ls t o eva luate
the a d o p t i o n p o t e n t i a l f o r the i m p r o v e d t e c h n o l -
ogy and the c o r r e s p o n d i n g c red i t needs. T h e
results ( T a b l e 9 ) s h o w h o w c red i t m a y af fect
a d o p t i o n o f the i m p r o v e d techno logy . W i t h o u t
i n s t i t u t i o n a l c red i t a v a i l a b i l i t y , the a d o p t i o n
level i s n i l on sma l l f a r m s , 17% on m e d i u m
f a r m s , and 16% on large f a r m s . W h e n c red i t o f
Rs 1200 ha
- 1
 to sma l l f a r m s , Rs 940 ha
- 1
 to
m e d i u m f a r m s , and Rs 980 h a
- 1
 t o large f a r m s i s
made ava i lab le , the a d o p t i o n p o t e n t i a l f o r the
i m p r o v e d techno logy goes u p t o 9 1 , 77 , a n d 8 0 %
o n these f a rms . F o r a d o p t i o n o n a b o u t 7 5 % o f
the l a n d , c red i t levels o f a b o u t Rs 600 to Rs 700
ha
- 1
 w o u l d be requ i red f o r f a rms o f a l l sizes. In
c o m p a r i s o n , the c red i t supp ly a t present i n I n d i a
is on average Rs 324 ha
- 1
 i.e., cons ide rab l y b e l o w
the requ i red levels o f i n s t i t u t i o n a l c red i t . T h e
f igu re o f Rs . 700 h a
- 1
 adop ted by the A n d h r a
Pradesh D e p a r t m e n t o f A g r i c u l t u r e t o f i nance
T a d d a n p a l l y watershed fa rmers is b e l o w the
level requ i red f o r m a x i m u m a d o p t i o n , b u t i t
w o u l d seem to be suf f ic ient f o r a d o p t i o n on
a p p r o x i m a t e l y 7 5 % o f the l a n d .
Prices and Costs of the Wheeled
Tool Carrier
T h e prices quo ted f o r the W T C v a r y between
manu fac tu re rs a n d w i t h the n u m b e r o f i m p l e -
ments suppl ied w i t h i t . W h e n a W T C is purchased
w i t h a f u l l set o f i m p l e m e n t s , i ts pr ice var ies
between Rs 12 500 and Rs 15 000. H o w e v e r , n o t
a l l imp lemen ts are necessary to prac t ice the
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T a b l e 9 . P o t e n t i a l d e m a n d for and r e p a y m e n t o f ins t i tu t iona l credi t w i t h i m p r o v e d and t r a d i t i o n a l
technologies , T a d d a n p a l l y , 1 9 8 1 / 8 2 .
W i t h t r a d i t i o n a l
W i t h d e e p V e r t i s o l t e c h n o l o g y t e c h n o l o g y
S h a d o w I m p r o v e d S h a d o w
C r e d i t C r e d i t p r i c e o f t e c h n o l o g y C r e d i t p r i c e o f
l e v e l u t i l i z e d
1
c r e d i t
2 a d o p t i o n u t i l i z e d c r e d i t
F a r m s ize ( R s h a
- 1
) ( R s f a r m
- 1
) ( R s ) (%) ( R s f a r m
- 1
) ( R s )
S m a l l 0 I P I F I F I F I F
1 5 0 2 0 0 3 . 4 2 3 0 I F I F
3 0 0 5 0 0 2 . 5 3 39 I F I F
7 0 0 1 1 0 0 0 . 9 7 9 0 1 1 0 0 0 . 2 3
N o l i m i t 1 8 4 0 0 91 1 3 6 0 0
M e d i u m 0 0 4 . 2 6 17 0 4 . 6 9
1 5 0 5 0 0 3 . 8 2 33 5 0 0 0 . 8 7
3 0 0 1 0 0 0 2 . 5 5 54 1 0 0 0 0 . 2 6
7 0 0 2 3 0 0 0 . 6 5 75 1 7 8 0 0
N o l i m i t 3 1 3 0 0 77 1 7 8 0 0
L a r g e 0 0 4 . 1 4 16 0 2 . 9 7
1 5 0 1 0 0 0 3 . 5 9 33 1 0 0 0 1.17
3 0 0 2 1 0 0 2 . 8 3 55 2 1 0 0 0 . 6 4
7 0 0 4 8 0 0 0 . 7 1 91 3 9 4 0 0
N o l i m i t 6 7 6 0 0 8 0 3 9 4 0 0
1 . I n s t i t u t i o n a l c r e d i t r e q u i r e m e n t b y o p t i m a l p r o g r a m m i n g s o l u t i o n .
2 . S h a d o w p r i c e = t h e c a l c u l a t i o n o f n o t i o n a l o r i m p u t e d p r i c e s w h e r e t h e y a r e n o t o b t a i n e d f r o m m a r k e t s .
3 . I F = i n f e a s i b l e p r o g r a m m i n g s o l u t i o n a n d , h e n c e , i n f e a s i b l e f a r m b u s i n e s s i .e . , t h e f a r m e r w o u l d b e i n d e b t .
i m p r o v e d Ve r t i so l t echno logy . O n l y the f o l l o w -
i n g i m p l e m e n t s are necesssary: 2 m o l d b o a r d
p l o w s , 2 r idgers , 5 d u c k f o o t sweeps, 4 b lade
h a r r o w s w i t h o u t shanks , a steerable t o o l bar , a 
l i n k c h a i n , 7 c lamps , one y o k e , a car t f r a m e , a n d
a m a n u a l seeder. W i t h these i m p l e m e n t s , the
lowest pr ices l is ted by manu fac tu re r s were Rs
8510 f o r an assembled T r o p i c u l t o r a n d Rs 9010
f o r a n assembled N i k a r t ( T a b l e 10), S ince W T C s
are c o m p o s e d o f several m o d u l e s , buyers can
purchase t h e m f r o m the m a n u f a c t u r e r w h o l ists
the lowest p r i ce f o r a p a r t i c u l a r m o d u l e . C a l c u -
la ted on the basis o f the lowest l is ted pr ices f o r
i n d i v i d u a l m o d u l e s , the pr ice f o r a T r o p i c u l t o r is
reduced to Rs 7995 and f o r a N i k a r t to Rs 8145.
F u l l y assembled sets o f W T C s a n d modu les
are present ly p r o d u c e d o n l y by a sma l l n u m b e r
o f manu fac tu re r s w h o m a y , i n the sho r t r u n , ask
f o r h ighe r t h a n c o m p e t i t i v e pr ices. I n o rde r t o
a r r i ve a t a c o m p e t i t i v e pr ice est imate f o r W T C s
p r o d u c e d by a m a n u f a c t u r e r , t w o est imates were
ca lcu la ted . F i r s t , we ob ta i ned m a r k e t pr ices f o r
the e lements o f W T C s e.g., r a w mate r ia l s , nu ts ,
bo l t s , cha ins , etc. These pr ices, w h e n m u l t i p l i e d
b y the quan t i t i es o f m a t e r i a l con ta ined i n W T C s ,
p lus l a b o r costs a n d 2 0 % overheads, resu l ted i n
an es t imated cost o f Rs 7405 f o r a T r o p i c u l t o r
and Rs 7765 f o r a N i k a r t .
A l t e r n a t i v e l y , we regressed m a r k e t pr ices f o r
w i d e l y t raded modu les tha t are s i m i l a r to those
used in W T C s , e.g., p l o w s , r i dger , seed d r i l l s ,
etc., on t he i r we igh t , a n d f r o m these regressions
w e es t imated the pr ices f o r W T C modu les . Est i -
ma ted i n th is w a y , w e expect pr ices f o r the W T C
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T a b l e 1 0 . S u m m a r y o f pr ice es t imat ions ( R s ) f o r whee led too l car r ie rs
1
.
W i t h necessa ry
i m p l e m e n t s
M i n i m u m
l i s t e d
p r i c e
M i n i m u m
m o d u l e
p r i c e
E s t i m a t e d p r i c e
f r o m t h e cos t
a n a l y s i s
E s t i m a t e d p r i c e
f r o m p r i c e - w e i g h t
r e l a t i o n s h i p s
T r o p i c u l t o r
N i k a r t
8 5 1 0
9 0 1 0
7 9 9 5 ( 6 . 0 )
2
8 1 4 5 ( 9 . 6 )
7 4 0 5 ( 1 3 . 0 )
7 7 6 5 ( 1 3 . 8 )
6 8 2 5 ( 1 9 . 8 )
6 5 9 0 ( 2 6 . 9 )
1 . T h e s e e s t i m a t e s w e r e o b t a i n e d o n t h e b a s i s o f p r i c e q u o t a t i o n s i n N o v e m b e r 1 9 8 3 a n d p r i c e o b s e r v a t i o n s i n F e b r u a r y
1 9 8 4 .
2 . F i g u r e s i n p a r e n t h e s e s a r e p e r c e n t a g e p r i c e r e d u c t i o n s f r o m m i n i m u m l i s t e d p r i c e .
w i t h necessary i m p l e m e n t s o f Rs 6828 f o r a T r o -
p i c u l t o r and Rs 6590 f o r a N i k a r t .
Product ion and Sales
At present there are f i ve smal l -scale m a n u f a c t u r -
ers o f the W T C i n I n d i a w h o began p r o d u c t i o n
between 1978 and 1983. O f the 7 8 % W T C s so ld
as o f M a r c h 1984, a b o u t three quar te rs have
been purchased by g o v e r n m e n t i ns t i t u t i ons
m a i n l y f o r subs id ized sale to f a rmers (46%) a n d
Table 1 1 , Buyers of wheeled too l carriers ( W T C s ) as
o f M a r c h 1984.
B u y e r
M a c h i n e s
s o l d
P e r c e n t a g e
o f t o t a l
F a r m e r s 2 4 3
N o n - g o v e r n m e n t i n s t i t u t i o n s
f o r t e s t i n g a n d e v a l u a t i o n 4 7 6
G o v e r n m e n t b o d i e s :
t o t a l
f o r s u b s e q u e n t s u b s i d i z e d
sale t o f a r m e r s
f o r d e m o n s t r a t i o n
f o r t e s t i n g a n d e v a l u a t i o n
5 8 1
3 6 1
2 0 4
16
7 4
4 6
2 6
2
F o r e i g n 2 4 3
U n c a t e g o r i z e d 1 1 0 14
T o t a l 7 8 6 1 0 0
f o r d e m o n s t r a t i o n (26%) ; the rest were used f o r
tes t ing a n d e v a l u a t i o n (see T a b l e 11). T h e sub-
s idy f o r W T C s m a y be as h igh as 8 0 % . N o n g o v -
e rnment i ns t i t u t i ons have purchased a b o u t 6%
o f the W T C s sold a n d use t h e m m a i n l y f o r test-
i n g a n d eva lua t i on . Since 17% o f the W T C s were
expo r t ed o r wen t t o u n i d e n t i f i e d buyers , the p r o -
p o r t i o n o f W T C s k n o w n t o have been b o u g h t
d i rec t l y by i nd i v i dua l s a t unsubs id ized pr ices
a m o u n t s t o o n l y 3%. Th i s sma l l n u m b e r o f f ree
t ransac t ions makes assessment o f d e m a n d a n d
supp ly f o r W T C s o n l y o n the basis o f the i r
m a r k e t pr ices a n d quan t i t i es t r a d e d un re l i ab le .
In th is s i t u a t i o n , i t i s a p p r o p r i a t e to es t imate
m i n i m u m costs o f p r o d u c t i o n a s a n i n d i c a t o r f o r
supp ly a n d t o i d e n t i f y i m p o r t a n t e c o n o m i c c o n -
s iderat ions a f fec t ing d e m a n d f o r W T C s .
F u t u r e d e m a n d f o r W T C s i s l i ke l y t o r e m a i n
l o w a t present l is ted pr ices a n d es t imated
reduced pr ices. In a survey o f fa rmers in M a d h y a
Pradesh in 1983, where the i m p r o v e d V e r t i s o l
t echno logy appears to be h i g h l y su i tab le ,
fa rmers w h o d i d n o t o w n W T C s ind i ca ted t h a t
they w o u l d , on average, be w i l l i n g to pay o n l y a 
m a x i m u m pr ice o f Rs 3300 f o r a W T C .
R e s o u r c e M a n a g e m e n t
L a n d U s e , T e n u r e , a n d I n h e r i t a n c e
i n W e s t A f r i c a
O n e ob jec t i ve o f o u r V i l l age -Leve l S tud ies
( V L S ) has been to i den t i f y the p r i n c i p a l t rends i n
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the loca l f a r m i n g systems and the i r i m p l i c a t i o n s
f o r t echno log ica l change. T h r o u g h re t rospect ive
in te rv iews , ver i f ied by a c o m p a r i s o n o f past cen -
sus results and w i t h the a id o f aer ia l p h o t o -
g raphs , we f o u n d tha t p o p u l a t i o n densi t ies are
r is ing in a l l o u r s tudy vi l lages ( T a b l e 12). In
response to th is t r e n d , f a r m i n g systems are m o v -
i ng t o w a r d greater i n tens i f i ca t i on wh i l e a t the
same t ime fa rmers are e x t e n d i n g c u l t i v a t i o n to
m o r e m a r g i n a l lands . Studies o f l and use sug-
gested tha t in v i l lages where l and is in sho r t
supp ly , p r o p o r t i o n a t e l y m o r e o f the cereal c r o p
is p roduced on the less fe r t i le soi ls . T h i s means
tha t as the v i l lage p o p u l a t i o n g r o w s , the self
suf f ic iency o f the fa rmers w i l l depend m o r e and
m o r e on the capac i t y o f the u p l a n d soils to sus-
ta in c u l t i v a t i o n .
T w o I C R I S A T s tudy vi l lages i n the same
ag roc l ima t i c zone i n B u r k i n a Faso b u t w i t h c o n -
t ras t ing p o p u l a t i o n densit ies p r o v i d e a va luab le
cont ras t f r o m w h i c h one can in fe r the change in
ag r i cu l t u re tha t m i g h t be expected to occu r as
p o p u l a t i o n dens i ty increases. K o h o ( p o p u l a t i o n
1145) and Sayero ( p o p u l a t i o n 932) are b o t h
located i n the n o r t h e r n G u i n e a n Z o n e w i t h an
average a n n u a l r a i n fa l l o f j u s t unde r 1000 m m .
T h e l im i t s o f the v i l lage te r r i to r ies have n o t
been ex tended in several decades. B o t h v i l lages
have lost land due to the c rea t i on o f n a t i o n a l
forests and new set t lements w h i c h sp rang up
f o l l o w i n g the b u i l d i n g o f paved roads and the
lay ing o f r a i l w a y l ines. Th i s was especial ly t rue in
K o h o , w h i c h since 1960 has lost a b o u t h a l f o f i ts
o r i g i na l t e r r i t o r y . The re were a b o u t 1320 ha o f
l and ava i lab le in K o h o in 1982, or a b o u t 1.15 ha
pe rson
- 1
. O f th i s , a b o u t 590 ha , o r 4 5 % , was
cu l t i va ted . Th i s a m o u n t s to 0.52 ha person"
1
.
The re is a b o u t 0.5 ha of v i r g i n ga l le ry forest
r e m a i n i n g . S o m e 715 ha , o r 5 4 % o f the l a n d , was
f o u n d to be l y i n g f a l l o w .
Sayero , located o n l y 1 7 k m f r o m K o h o b y
r o a d , presents a very d i f f e ren t p i c t u re . T h e v i l -
lage t e r r i t o r y consists of a b o u t 3850 ha or over 4 
ha pe rson
- 1
. O n l y 510 ha , a b o u t 13% o f the
v i l lage l a n d , was c u l t i v a t e d , w h i c h means t ha t on
an average there are 0.55 ha pe rson
- 1
, w h i c h is
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very s i m i l a r t o w h a t was f o u n d i n K o h o . O v e r
3000 ha , o r 7 8 % o f the land was l y i n g f a l l o w .
The re were 180 ha (4%) o f v i r g i n ga l le ry forest
r e m a i n i n g .
Average f a r m size was a p p r o x i m a t e l y 6 ha in
b o t h v i l lages. T h u s f a r m size i n K o h o does n o t
seem to have been reduced w i t h increased
c r o w d i n g . W h a t we do f i n d , howeve r , i s a change
in the p r o p o r t i o n s o f r i cher r i ve r va l ley l a n d
cu l t i va ted . I n Sayero a b o u t 13% o f f a r m l a n d i s
located i n r i c h l o w l a n d s , whereas i n K o h o o n l y
3% of the f a r m l a n d is o f th is type. T h i s i s n o t
appa ren t l y the resul t o f a s ign i f i can t d i f fe rence in
the d i s t r i b u t i o n o f these so i l types in the i r respec-
t i ve te r r i t o r i es , f o r the aer ia l p h o t o g r a p h s i n d i -
cate t ha t they b o t h have s im i l a r a m o u n t s o f
l o w l a n d - 5 .7% o f a l l land i n K o h o and 7 .7% i n
Sayero . I t i s p r o b a b l y because o f c r o w d i n g t h a t
K o h o fa rmers are f a r m i n g re la t i ve ly m o r e l and
h igher up where the soils are poo re r .
T h e l and tenure systems i n o p e r a t i o n i n K o h o
a n d Sayero c lear ly ref lect the d i f ferences in p o p -
u l a t i o n pressure. I n K o h o the c u l t i v a t i o n r igh ts
to p a r t i c u l a r pieces o f g r o u n d , even w h e n the
l and i s f a l l o w , are genera l ly her i tab le . Sayero on
the o the r h a n d , s t i l l has a ra the r classic l o n g
f a l l o w usu f ruc t system f o r bush f ie lds . A l l such
f i e l ds rever t t o the w h o l e c o m m u n i t y , whose
interests are represented by the v i l lage chief . T h e
land then is c leared and cu l t i va ted af resh a f ter a 
pe r i od o f 20-30 years o f f a l l o w , b u t n o t necessar-
i l y by the same pe rson , f a m i l y , o r even by
members o f the same l ineages w h o last used i t .
H e r i t a b l e c u l t i v a t i o n r igh ts are c o n f i n e d to the
m o r e p e r m a n e n t l y cu l t i va ted lands i m m e d i a t e l y
s u r r o u n d i n g the v i l lage.
T h e effect o f r i s i ng p o p u l a t i o n dens i ty on
secur i ty o f tenure was a m b i g u o u s , d e p e n d i n g on
w h e t h e r l a n d was i nhe r i t ed , b o r r o w e d , o r
cleared f r o m u n c l a i m e d bush . I n b o t h v i l lages,
f o r f ie lds c o n t i n u o u s l y cu l t i va ted a r o u n d hab i t a -
t i ons , c u l t i v a t i o n r igh ts were genera l ly re ta ined
by i nd i v i dua l s o r by the i r fami l ies . I n K o h o th is
was even t rue o f bush f ie lds , m a n y o f w h i c h were
passed d o w n f r o m fa ther t o son even t h r o u g h o u t
a l o n g pe r i od o f f a l l o w . T h e l and c o u l d n o t be
a l loca ted to someone else w i t h o u t p r i o r c o n s u l -
t a t i o n w i t h the f a r m e r w h o had last used the
l a n d . I n Sayero the f a l l o w land was su f f i c ien t l y
a b u n d a n t and the leng th o f f a l l o w su f f i c i en t l y
l o n g (25-30 years) , so tha t o l d f ie lds are o f t en
recu l t i va ted by persons o ther t h a n the descen-
T a b l e 1 2 . C h a n g e s i n p o p u l a t i o n densit ies i n l C R I S A T study vi l lages, B u r k i n a F a s o , 1 9 7 5 - 1 9 8 3 .
V i l l a g e
t e r r i t o r y
( h a )
1
P o p u l a t i o n
P o p u l a t i o n
d e n s i t y
R e g i o n a l
p o p u l a t i o n
d e n s i t y i n
1 9 7 5
( h a b i t a n t s
k m
- 2
)V i l l a g e E c o l o g i c a l z o n e 1 9 7 5
2
1 9 8 3
3
1 9 7 5 1983
O u r e
S i l gey
K o l b i l a
O u o n o n
4
K o h o
S a y e r o
S a h e l i a n
S u d a n i a n
G u i n e a n
1 8 7 5
1 5 5 2
1 9 4 6
1 3 1 6
3 8 4 5
4 8 1
9 0 5
8 6 8
9 6 2
8 6 7
6 3 6
1321
1 2 2 4
1 1 4 5
9 3 1
31
4 7
73
23
41
6 8
87
2 4
2 5
6 0
3 0
1 . C a l c u l a t e d f r o m m a p s m a d e f r o m a e r i a l p h o t o g r a p h s t a k e n d u r i n g D e c e m b e r 1 9 8 1 a n d s u b s e q u e n t f i e l d w o r k
c o n d u c t e d i n t h e v i l l a g e s .
2 . O f f i c i a l c e n s u s d a t a .
3 . I C R I S A T s u r v e y d a t a .
4 . A e r i a l p h o t o g r a p h s w e r e i n s u f f i c i e n t l y c l e a r t o a l l o w m a p p i n g o f O u o n o n .
-
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dants o f those w h o had cu l t i va ted t h e m last .
In K o h o where l a n d i s b e c o m i n g scarce, leas-
i n g o r l e n d i n g f o r m o r e t h a n several years has
become ex t reme ly rare . Th i s is because h a v i n g
once lent o u t t he i r l a n d , owners m a y have great
d i f f i c u l t y i n r e c l a i m i n g i t . Such l o n g - t e r m leas-
i n g o r b o r r o w i n g a r rangements i n K o h o , w h e n
prac t i ced , p r o v i d e subs tan t ia l secur i ty o f tenure
to b o r r o w e r s t o the ex ten t tha t c u l t i v a t i o n r igh ts
can be passed d o w n f r o m fa the r to son despi te
the fac t t ha t the la t te r s t i l l a c k n o w l e d g e d the
f ie ld as leased l a n d . On the o ther h a n d , the m o r e
recent ly leased l a n d is he ld fa r less securely. T e n -
ants a d m i t t e d t ha t they c o u l d be asked to g ive up
use o f the l a n d a n d in some cases there appears to
have been a t i m e l i m i t on the lease a r ranged f r o m
the beg inn ing . I t i s possib le t ha t the m o r e i n f l e x i -
b le and insecure c o n d i t i o n s f o r l and b o r r o w e d
on such s h o r t - t e r m ar rangements m a y be a d i s i n -
cent ive to bet ter managemen t .
F o r e x a m p l e , a n analys is o f t echno logy a n d
fe r t i l i ze r use on b o r r o w e d f ie lds i n K o h o ( w h i c h
represented a sma l l f r a c t i o n o f t o t a l cu l t i va ted
land) i nd i ca ted t ha t o n l y 3 0 % o f the recent ly
b o r r o w e d f ie lds were p l o w e d , and o n l y 2 0 % o f
t h e m were t rea ted w i t h fe r t i l i ze r , wh i l e on inher -
i ted b o r r o w e d f ie lds , 5 0 % o f the f ie lds were
p l o w e d and 6 0 % o f t h e m received fe r t i l i zer .
Traditional Management of Soil
Fertility in West Africa
I n the c r o p - g r o w i n g areas o f the West A f r i c a n
S A T , m o u n t i n g p o p u l a t i o n pressure has re-
sul ted in t r a d i t i o n a l l o n g b u s h - f a l l o w systems
g i v i n g w a y t o m o r e in tens ive shor t g rass- fa l lows
a n d c o n t i n u o u s c u l t i v a t i o n systems. I n areas
where p o p u l a t i o n pressure is h ighest , such c o n -
t i nuous l o w - i n p u t c r o p p i n g has led to severe soi l
d e g r a d a t i o n p rob lems w h i c h have measu rab l y
reduced the soi ls ' p r o d u c t i o n p o t e n t i a l . F a r m e r s
are a d o p t i n g va r ious pract ices to m a i n t a i n so i l
f e r t i l i t y .
T o e x a m i n e t r a d i t i o n a l me thods o f so i l - f e r t i l -
i t y ma in tenance and the i r effects on l o n g - t e r m
soi l q u a l i t y , we made a s tudy w i t h i n the I C R I -
S A T v i l lage s tudy p r o g r a m . T h e s tudy c o m b i n e d
in tens ive f ie ld surveys and l a b o r a t o r y analysis o f
so i l samples taken f r o m fa rme rs ' f ie lds. Ana l ys i s
comp le ted to date has concent ra ted on da ta
f r o m N o n g h i n , one o f the t w o s tudy v i l lages i n
the M a n g a reg ion (1200 m m l o n g - t e r m average
a n n u a l r a i n fa l l ) . P o p u l a t i o n dens i ty i n N o n g h i n
a t 40 persons k m
- 2
 i s mode ra te l y h i g h .
Management Rings
Ana lys i s o f s ix years o f re t rospect ive da ta f r o m
185 fa rmers ' f ie lds f o u n d tha t f ie lds c o u l d be
g r o u p e d i n t o f i ve e lementa ry so i l - f e r t i l i t y m a n -
agement sub-sets a c c o r d i n g to the i r (1) c r o p p i n g
sequence, (2) fe r t i l i zer a p p l i c a t i o n sequence, (3)
soi l p r e p a r a t i o n sequence, and (4) conse rva t i on
methods . These sub-sets in t u r n are c losely
cor re la ted w i t h d is tance f r o m h a b i t a t i o n po in t s
a n d , f o r s i m p l i f i c a t i o n , c o u l d be f u r t h e r g r o u p e d
i n t o three concen t r i c managemen t r ings e m a n a t -
i ng f r o m each househo ld (Tab le 13).
C u l t i v a t i o n is quas i -pe rmanen t in the f i rs t and
second r ings , bu t f o l l o w s a f a l l o w r o t a t i o n in the
t h i r d r i n g . F e r t i l i t y in the f i rs t r i n g i s m a i n t a i n e d
by a p p l i c a t i o n o f large quant i t ies o f o rgan ic m a t -
ter, c o m p l e m e n t e d by an t i -e ros ion d ikes to
reduce r u n o f f loss. N e a r - c o n t i n u o u s c u l t i v a t i o n
is ma in ta i ned in the second r i ng t h r o u g h m o d e r -
ate doses o f m a n u r e and chemica l fe r t i l i ze rs ,
low- leve l cowpea i n t e r c r o p p i n g , and the i n c l u -
s ion o f g r o u n d n u t s in r o t a t i o n . C r o p p i n g i s least
in tens ive in the t h i r d r i n g where f e r t i l i t y i s m a i n -
ta ined by f requent f a l l o w i n g and by c u l t i v a t i n g
legumes as in te rc rops and in r o t a t i o n .
T h e va lue o f p r o d u c t i o n ha
- 1
 and l a b o r h
- 1
 i s
highest in the i nne r r ings , re f lec t ing the c o m -
b ined effects o f m a n u r e use and c r o p p i n g pa t -
te rn . Regress ion analysis shows tha t a t the
m a r g i n , the p r o d u c t i o n response to m a n u r e is
large and s ign i f i can t o n l y i n the ou te r r i n g . T h i s
means tha t i m p o r t a n t aggregate p r o d u c t i o n
gains c o u l d be achieved t h r o u g h a rea l l oca t i on
o f m a n u r e t o f ie lds m o r e d is tan t f r o m dwe l l i ngs .
Th i s m a y be exp la ined s i m p l y by t r anspo r t costs
o f m a n u r e ; bu t the p r e v a i l i n g land tenure system
m a y leave the i n d i v i d u a l o w n e r unce r ta in a b o u t
his access to the same land in f u t u r e years a n d
there fo re res t r ic t his inves tment on th is l a n d .
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Management Effects on Soil Quality
To in fe r the d y n a m i c effects o f managemen t
pract ices on soi l f e r t i l i t y , we s ta t is t ica l ly tested
f i ve measures o f so i l q u a l i t y , con t r as t i ng the
values ob ta ined f r o m f a l l o w f ie lds w i t h those
f r o m each i n te r i o r managemen t r i n g . T o cap tu re
the effect o f the d u r a t i o n o f c u l t i v a t i o n on the
chemica l f e r t i l i t y ins ide each managemen t r i n g ,
the so i l samples f r o m each r i n g were s t ra t i f ied by
soi l t ype a n d by f ie ld-age in terva ls f o r s ta t is t ica l
analys is. T h e results o f the i n t e r - r i n g c o m p a r i -
sons showed tha t the chemica l f e r t i l i t y o f up land
soils ac tua l l y increases w i t h mo re in tensive c u l t i -
v a t i o n as p rac t i ced by fa rmers . A l l f e r t i l i t y mea-
sures i m p r o v e d soils c o m p a r e d to those in f a l l o w
f ie lds , w i t h the largest and m o s t s ign i f i can t
increases observed on the m o r e in tens ive ly c u l t i -
vated center area. T h e age analys is f o r u p l a n d
soils also showed an u n a m b i g u o u s i m p r o v e m e n t
i n chemica l f e r t i l i t y w i t h longer per iods o f c u l t i -
v a t i o n on g rave l l y soils ins ide the i n te rmed ia te
r ings and on sandy soils ins ide the inner r i n g . No
clear t rends were observed in the age analysis on
o the r soi l types a n d f o r o the r managemen t r ings.
I n con t ras t t o the net i m p r o v e m e n t o f the
chemica l status o f soi ls w i t h m o r e in tens ive c u l t i -
v a t i o n , there was evidence f r o m the analysis, c o n -
f i r m e d b y f a r m e r s ' c o m m e n t s , t h a t t he
tex tu ra l c o m p o s i t i o n o f cer ta in soils is degraded
t h r o u g h an increase in c u l t i v a t i o n in tens i ty , lead-
i n g to a decl ine in w a t e r - h o l d i n g capac i ty .
Fa rmers exp la ined tha t due to increased eros ion
caused by c lear ing and subsequent t i l l age, the
T a b l e 1 3 . P roduc t ion character ist ics o f soi l f e r t i l i t y m a n a g e m e n t r ings o n f a r m e r s ' f ie lds , N o n g h i n , B u r k i n a
Faso , 1 9 8 1 .
M a n a g e m e n t r i n g
C h a r a c t e r i s t i c s 1 2 3
G e n e r a l
D i s t a n c e f r o m h o u s e h o l d ( m ) 0 - 4 0 4 0 - 4 1 0 4 1 0 - 3 0 5 0
T o t a l c u l t i v a t e d a rea (%) 3 2 3 7 4
M a j o r c r o p s M a i z e R e d s o r g h u m M i l l e t
R e d s o r g h u m W h i t e s o r g h u m W h i t e s o r g h u m
C o w p e a C o w p e a
G r o u n d n u t G r o u n d n u t
M a n a g e m e n t p r a c t i c e s
Y e a r s o f f a l l o w i n last 2 5 years 2 3 11
M a n u r e ra te ( k g h a
- 1
) 8 9 0 0 1 0 1 0 35
C h e m i c a l f e r t i l i z e r r a te ( k g h a
- 1
) 9 11 6
F i e l d s w i t h p e r m a n e n t a n t i - e r o s i o n
d e v i c e s (%) 9 4 16 11
D e n s i t y o f c o w p e a i n t e r c r o p ( p l a n t s h a
- 1
) 2 0 1 2 5 0 3 9 8 0
F i e l d s p l a n t e d t o g r o u n d n u t i n pas t
6 y e a r s (%) 0 3 5 4 0
T o t a l p l a n t d e n s i t y ( p l a n t s h a
- 1
) 2 8 4 0 0 3 5 7 0 0 4 4 2 0 0
L a b o r t i m e ( h h a
- 1
) 6 2 0 6 0 0 5 2 0
P r o d u c t i o n
G r a i n y i e l d ( k g h a
- 1
) 2 1 1 0 1 5 1 0 4 9 0
V a l u e o f o u t p u t h a
- 1
 ( F C F A h a
- 1
) 1 7 0 0 0 0 6 1 0 0 0 2 7 0 0 0
V a l u e o f o u t p u t l a b o r h
- 1
 ( F C F A h
- 1
) 2 7 0 100 5 0
E l a s t i c i t y o f g r a i n p r o d u c t i o n t o m a n u r e use 0 .11 0 . 0 5 0 . 2 5
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most c o m m o n sandy so i l o f the i r v i l lage had
evo lved over t ime to a sandy g rave l l y so i l t ype .
L a b o r a t o r y analysis c o n f i r m e d tha t the la t te r
soi l type had a l ower w a t e r - h o l d i n g capac i ty a n d
m a y we l l have evo lved f r o m the f o r m e r . Ana l ys i s
o f f ie ld ages also c o n f i r m e d t ha t the f ie lds
located on the sandy g rave l l y so i l had been c u l t i -
vated f o r a subs tan t ia l l y longer pe r i od o f t i m e
and unde r a greater average in tens i ty of l and use
t h a n those f ie lds located on the sandy so i l t ype .
These results ques t i on the c o m m o n be l ie f t ha t
cu r ren t l o w - i n p u t f a r m i n g pract ices tend t o
deplete the n a t u r a l chemica l f e r t i l i t y base o f
soi ls. T h r o u g h the use o f o rgan ic and i no rgan i c
fer t i l izers a n d by g r o w i n g legumes in r o t a t i o n o r
as in te rc rops , fa rmers m a y be able to m a i n t a i n or
i m p r o v e the f e r t i l i t y o f soils as f a l l o w per iods are
shor tened . H o w e v e r , in tens i f ied c u l t i v a t i o n m a y
induce the less reversible p r o b l e m of phys ica l
d e g r a d a t i o n in soi ls. Th i s emphasizes the need to
deve lop a p p r o p r i a t e me thods to reduce top -so i l
loss as an i m m e d i a t e p r i o r i t y f o r research and
ex tens ion f o r areas o f increas ing f a r m i n g
in tens i ty .
Resources and Productivity of
Traditional Farms in S A T India
We generated c o m p a r a b l e da ta on resources and
p r o d u c t i v i t y f o r a l l the I n d i a n v i l lages unde r
s tudy b y the E c o n o m i c s P r o g r a m ( I C R I S A T
A n n u a l R e p o r t 1982, p . 315). Ave rage ope ra -
t i o n a l ho ld ings range f r o m near l y 3 ha in the
G u j a r a t v i l lages to a b o u t 6 ha in the M a h a r a s h -
t r a v i l lages. In these v i l lages, d u r i n g 1980-82
average househo ld incomes per cap i ta were
f o u n d to range f r o m Rs 800 to Rs 1200. I ncomes
were lowest i n the M a d h y a Pradesh v i l lages
where h i gh r a i n f a l l (1300 m m ) and deep V e r t i -
sols have led to t r a d i t i o n a l f a r m i n g systems o f
f a l l o w i n g d u r i n g the r a i n y season and c r o p p r o -
d u c t i o n on res idua l m o i s t u r e i n the p o s t r a i n y
season. H ighes t incomes are generated in the
M a h a r a s h t r a v i l lages where assured r a i n f a l l (800
m m ) and sha l l ow- t o m e d i u m - d e e p Ver t i so ls
p e r m i t f a r m i n g systems o f in tens ive r a i ny season
c r o p p i n g w i t h a h i g h p r o p o r t i o n o f c o t t o n as a 
c o m m e r c i a l c r o p .
Afr ican trainees watching w o m e n demonstrate local
hand-weeding techniques dur ing a visit to an I C R I -
S A T study village in Ind ia .
T h e unusua l l y h igh y ie lds o f pear l m i l l e t i n the
G u j a r a t v i l lages are exp la ined by the fac t t ha t
fa rmers here are g r o w i n g pear l m i l l e t as an i r r i -
gated c r o p unde r h i g h - i n p u t m a n a g e m e n t ( T a b l e
14).
Common Property Resources
T h e results o n c o n t r i b u t i o n o f c o m m o n p r o p e r t y
resources ( C P R s ) , such as c o m m u n i t y pastures,
forests , was te lands , p o n d s , watershed d ra inages ,
etc. to l oca l f a r m i n g systems repo r ted ear l ie r
( I C R I S A T A n n u a l R e p o r t 1983, p.335) f o r a f ew
areas were f u r t h e r c o n f i r m e d by a d d i t i o n a l da ta
f r o m m o r e areas. L a b o r a n d s m a l l - f a r m house-
ho lds re l ied m u c h m o r e o n C P R s t h a n large-
f a r m househo lds . Genera l l y , i n areas w i t h h igher
p o p u l a t i o n dens i ty the p r o p o r t i o n o f t o t a l l a n d
area used as C P R s is l o w . Ove r the last 30 years
the t o t a l C P R area has subs tan t ia l l y decreased.
I n a l l the areas s tud ied , we f o u n d t ha t C P R s
have been p r i va t i zed on an extens ive scale. An
i m p o r t a n t fea ture o f p r i v a t i z a t i o n o f C P R s i s
T a b l e 14 . Features o f t r a d i t i o n a l f a r m i n g i n study vi l lages f r o m four states i n S A T - I n d i a , 1 9 8 0 - 8 2
1
.
V i l l a g e m e a n s
A u r e p a l l e S h i r a p u r K a n z a r a R a m p u r K a l a n B o r i y a a n d
a n d D o k u r a n d K a l m a n a n d K i n k h e d a a n d P a p d a R a m p u r a
P a r t i c u l a r s ( A n d h r a P r a d e s h ) ( M a h a r a s h t r a ) ( M a h a r a s h t r a ) ( M a d h y a P r a d e s h ) ( G u j a r a t )
S h a l l o w a n d M e d i u m a n d S h a l l o w t o M e d i u m t o E n t i s o l s
S o i l t y p e m e d i u m A l f i s o l s d e e p V e r t i s o l s m e d i u m V e r t i s o l s d e e p V e r t i s o l s
N o r m a l a n n u a l r a i n f a l l ( m m ) 7 1 3 6 9 1 8 1 7 1 3 3 0 8 0 2
A v e r a g e n u m b e r o f h o u s e h o l d m e m b e r s 5 . 9 6 6 . 5 5 5 . 8 2 6 . 0 5 . 2 6
A v e r a g e s ize o f o p e r a t i o n a l h o l d i n g ( ha ) 5 .08 1.43 5 .77 5 . 1 4 2 . 8 9
N u m b e r o f b u l l o c k s / 1 0 h a o f o p e r a t e d l a n d 2 . 1 6 1.01 2 . 2 7 3 . 4 0 2 . 9 4
I n p u t use ( R s h a
- 1
)
M a n u r e 65 11 3 2 2 0 68
F e r t i l i z e r 83 15 119 12 131
Pes t i c i des 8 1 2 3 116
L a n d p r o d u c t i v i t y ( R s h a
- 1
)
G r o s s r e t u r n 3 1 0 9 2 4 3 1 3 9 0 5 2 4 4 1 4 3 8 3
N e t r e t u r n 1 9 0 4 1 7 9 5 2 6 1 7 1 7 7 7 1 5 8 6
I n c o m e ( R s c a p i t a
- 1
) 1 0 0 6 1 0 0 5 1 1 5 6 7 9 6 1 0 4 2
Asse ts ( R s ' 0 0 0 / h o u s e h o l d ) 2 4 . 7 2 6 . 5 2 4 . 5 3 3 . 8 3 9 . 4
C r o p p i n g s y s t e m
2
I n t e r c r o p p i n g (%) 49 4 5 81 33 4 5
H Y V (%) 34 3 17 — 57
I r r i g a t i o n (%) 50 23 2 2 3 4 3
P o s t r a i n y c r o p p i n g (%) 20 76 4 82 16
Y i e l d ( k g h a - ' )
S o r g h u m 2 7 8 4 5 5 9 5 6 2 0 4 4 2 1
P e a r l m i l l e t 4 6 8 — — — 1478
P i g e o n p e a 138 2 2 5 — 2 4 3 2 4 7
C h i c k p e a 3 2 8 3 3 9 3 8 9 4 4 1 3 2 9
G r o u n d n u t 9 8 6 8 8 1 7 1 5 — 8 0 4
O t h e r m a j o r c r o p s 2 2 4 2 3 8 8 0 4 5 3 0 4 9 0
( C a s t o r ) ( S u n f l o w e r ) ( C o t t o n ) ( S o y b e a n ) ( C a s t o r )
1 . R e s u l t s f r o m 3 0 s a m p l e d f a r m i n g h o u s e h o l d s i n e a c h v i l l a g e . 2 . P e r c e n t a g e s o f t o t a l c r o p p e d a r e a .
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t h a t i n mos t cases the C P R lands wen t n o t o n l y
to the landless b u t a lso to those w h o a l ready had
a su f f i c ien t a m o u n t o f l a n d and were no t o r i g i -
na l l y i n tended as rec ip ients . In some R a j a s t h a n
and G u j a r a t v i l lages near ly 6 0 % o f C P R lands
have been acqu i red by fa rmers whose l a n d h o l d -
ings exceeded 10 ha .
C P R s n o t o n l y dec l ined i n area, b u t were a lso
degraded i n terms o f phys ica l p r o d u c t i v i t y .
M a r k e d changes i n the c o m p o s i t i o n o f the vege-
ta t ive cover a n d a c o r r e s p o n d i n g dec l ine in the
y ie ld o f phys ica l p r o d u c e was repo r ted i n a l l the
areas s tud ied . T h i s d e g r a d a t i o n is the conse-
quence o f a s lacken ing in the en fo r cemen t o f
t r a d i t i o n a l measures to regulate C P R use. S u c h
regu la t ions were f o r m e r l y s t r i c t l y en fo rced
u n d e r J a g i r d a r i / Z a m i n d a r i systems where f e u -
d a l l a n d l o r d s de r i ved i n c o m e f r o m i m p o s i t i o n o f
C P R - u s a g e regu la t ions . C P R s t o d a y are ne i ther
p ro tec ted n o r m a i n t a i n e d t h r o u g h c o n t r i b u t i o n
f r o m the users. N o w e n t r y taxes are no t lev ied
f r o m users, t hus m a k i n g the C P R s m o r e f ree ly
accessible.
We no te several consequences o f th is dec l ine
i n area a n d p r o d u c t i v i t y o f C P R s .
• C P R s are insu f f i c ien t to o f fe r f u l l sustenance
to the l i ves tock dependent on t h e m , and
there fo re large a n d m e d i u m fa rmers are sup-
p l e m e n t i n g the i r f o d d e r base by p r o v i d i n g
sta l l feed ing a n d p r i va te g raz i ng to the i r
an ima ls .
• A n i m a l s b e l o n g i n g to the p o o r t ha t depend
large ly on C P R s , are cons ide rab ly i n f e r i o r i n
hea l th and p r o d u c t i v i t y c o m p a r e d t o an ima ls
m a i n t a i n e d by p r i va te resources. Assoc ia ted
w i t h th is are l o w e r c o n c e p t i o n rates, h ighe r
rates o f m iscar r iage , a n d shor te r l a c t a t i o n
per iods o f m i l c h s tock susta ined o n C P R s .
• T h e dec l ine in area and p r o d u c t i v i t y o f C P R s
has led to increased re l iance on f a r m i n g sys-
tems based on p r i va te resources, the i m p l i c a -
t ions o f w h i c h are an increas ing need to a d o p t
f a r m i n g systems t h a t p r o v i d e m o r e f o d d e r
a n d a l l o w t i m e f o r in tens ive a n i m a l care.
• Those sma l l f a rmers w h o are f i n d i n g i t d i f f i -
cu l t unde r these c o n d i t i o n s t o m a i n t a i n m i l c h
an ima ls o r b u l l o c k s w i l l be fo rced to opera te
w i t h o u t the i r o w n a n i m a l s , a fac t w h i c h has
several i m p l i c a t i o n s i n te rms o f d e c l i n i n g
i npu t suppl ies f r o m l i ves tock f o r c rops .
B e h a v i o r a l Studies
Credit Markets in Rura l South India
W e stud ied r u r a l c red i t marke ts t o unde rs tand
the m a r k e t s t ruc tu re and the o p e r a t i o n o f c red i t
i ns t i t u t i ons i n S A T v i l lages, and t o q u a n t i f y the
ro le o f c red i t as a p o t e n t i a l cons t ra in t to a d o p -
t i o n o f a g r i c u l t u r a l techno log ies . T h e s tudy i s
based on da ta over 5 c r o p p i n g years (1976-77 to
1980-81) in three s tudy v i l l a g e s — S h i r a p u r , D i s -
t r i c t S h o l a p u r , and K a n z a r a , D i s t r i c t A k o l a ,
M a h a r a s h t r a ; and A u r e p a l l e , D i s t r i c t M a h -
bubnaga r , A n d h r a Pradesh.
Credit Sources
I m p o r t a n t sources o f c red i t are f o r m a l i n s t i t u -
t ions such as coopera t i ve societ ies, l and deve lop -
men t and c o m m e r c i a l banks and g o v e r n m e n t
agencies, and p r i va te lenders such as f r i ends ,
re lat ives, a n d p r i va te money lenders . I n b o t h
M a h a r a s h t r a v i l lages coopera t i ve societies are
the mos t i m p o r t a n t source o f c red i t , serv ing 6 5 %
of the househo lds ( T a b l e 15). T h e l a n d deve lop -
men t b a n k ranks second i n K a n z a r a a n d A u r e -
pal le . In A u r e p a l l e , A n d h r a P radesh , a p r i va te
m o n e y l e n d i n g system is s t i l l the m a j o r source o f
c red i t , whereas i n S h i r a p u r a n d K a n z a r a , M a h a -
rash t ra , l a w has made p r i va te m o n e y l e n d i n g
m o r e d i f f i c u l t and i t has thus sharp ly dec l ined in
i m p o r t a n c e .
K a n z a r a has the h ighest p r o p o r t i o n o f i n s t i t u -
t i o n a l c red i t (94%) f o l l o w e d by S h i r a p u r (66%) ,
a n d A u r e p a l l e (47%) ( T a b l e 16).
H o u s e h o l d g roups a t a l l levels in the three
vi l lages except l a b o r househo lds in K a n z a r a
have access to c red i t and m o r e t h a n 8 5 % o f the
househo lds have t aken loans. T o t a l v o l u m e o f
b o r r o w i n g per househo ld in the three v i l lages
ranged f r o m a b o u t Rs 1900 to Rs 4300. T h e large
fa rmers ' share in t o t a l i n s t i t u t i o n a l c red i t was
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T a b l e 1 5 . Sources and vo lume o f credi t by credi t agencies in three I n d i a n v i l lages, 1 9 7 9 / 8 0 .
C r e d i t s o u r c e Shirapur Kanzara Aurepa l le
C o o p e r a t i v e s o c i e t y % sha re o f t o t a l c r e d i t
% o f b e n e f i c i a r i e s
A v e r a g e c r e d i t p e r b o r r o w e r (Rs )
47
66
1352
46
83
1831
1
1
3
400
L a n d d e v e l o p m e n t b a n k % s ha re o f t o t a l c r e d i t
% o f b e n e f i c i a r i e s
A v e r a g e c r e d i t p e r b o r r o w e r (Rs )
9
11
1625
34
28
4101
38
11
15 500
C o m m e r c i a l b a n k % sha re o f t o t a l c r e d i t
% o f b e n e f i c i a r i e s
A v e r a g e c r e d i t p e r b o r r o w e r (Rs )
8
5
3000
11
7
5500
2
3
3600
G o v e r n m e n t agenc ies % sha re o f t o t a l c r e d i t
% o f b e n e f i c i a r i e s
A v e r a g e c r e d i t p e r b o r r o w e r ( R s )
2
11
382
2
10
800
7
3
11 000
F r i e n d s a n d r e l a t i v e s % sha re o f t o t a l c r e d i t
% o f b e n e f i c i a r i e s
A v e r a g e c r e d i t p e r b o r r o w e r (Rs )
19
68
537
3
24
343
1
18
207
P r i v a t e m o n e y l e n d e r % s ha re o f t o t a l c r e d i t
% o f b e n e f i c i a r i e s
A v e r a g e c r e d i t p e r b o r r o w e r ( R s )
15
24
1182
4
28
433
52
95
2 3 3 6
B e n e f i c i a r i e s as % o f t o t a l h o u s e h o l d s 95 73 95
1 . % s h a r e o f c o o p e r a t i v e s o c i e t y i n t o t a l c r e d i t i s o n l y 0 . 2 5 % .
4 4 % i n S h o l a p u r , 6 8 % i n A k o l a , and 7 4 % i n
M a h b u b n a g a r . Househo lds possessing assets up
to Rs 30000 represented 50 to 7 0 % o f sample
househo lds in the three v i l lages and the i r share in
t o t a l c red i t ranged between 22 to 3 7 % . H o u s e -
ho lds h a v i n g assets o f m o r e t h a n Rs 80000
represented o n l y a l i t t l e over 12% of househo lds
b u t the i r share o f t o t a l c red i t ranged be tween 27
a n d 5 3 % .
Credit Terms and Use
Ana lys i s o f the t e r m s t ruc tu re a n d pu rpose o f
b o r r o w i n g s reveals the i m p a c t o f a g r o c l i m a t i c
fac tors on c red i t marke ts i n the three eco log i -
ca l l y -d i f fe ren t reg ions. I n d r o u g h t - p r o n e areas
represented by S h i r a p u r , where fa rmers have
l i m i t e d l o n g - t e r m inves tment a l te rna t ives , sho r t -
t e r m c red i t dom ina tes t o t a l b o r r o w i n g , a n d
cred i t is la rge ly used to purchase l i ves tock or f o r
cu r ren t c o n s u m p t i o n . In the o the r t w o v i l lages, a 
h igher p r o p o r t i o n o f l o n g a n d m e d i u m - t e r m
b o r r o w i n g was f o u n d , and the m o n e y was used
m o s t l y f o r l o n g - t e r m investments such as m i n o r
i r r i g a t i o n ( A u r e p a l l e ) and l and deve lopmen t
( K a n z a r a ) .
The re are cons iderab le i n t e r f a r m di f ferences
in c red i t use. M o s t o f the landless laborers a n d
sma l l f a rmers o f ten b o r r o w e d to meet cu r ren t
c o n s u m p t i o n needs (Tab le 17) ra the r t h a n f o r
l o n g - t e r m inves tment . O f t e n b o r r o w i n g s and
repayments by landless laborers were i n f o r m a l l y
l i n ked to the i r a b i l i t y t o supp ly cheap l a b o r t o
the large fa rmers d u r i n g the c r o p season.
In the three v i l lages s tud ied , a b o u t 40 to 6 0 %
of p r i va te c red i t i s u t i l i zed f o r c o n s u m p t i o n .
T a b l e 1 6 . Access t o credi t b y d i f fe rent f a rm-s i ze groups i n th r ee I n d i a n v i l lages, 1 9 7 9 / 8 0 .
H o u s e h o l d s
A v e r a g e S h a r e o f h a v i n g access H o u s e h o l d s S h a r e o f
c r e d i t p e r e a c h g r o u p t o b o t h h a v i n g H o u s e h o l d s i n s t i t u t i o n a l
b o r r o w e r i n t o t a l i n s t i t u t i o n a l access t o h a v i n g access c r e d i t i n
V i l l a g e h o u s e h o l d b o r r o w i n g a n d p r i v a t e i n s t i t u t i o n a l t o p r i v a t e t o t a l c r e d i t
f a r m - s i z e g r o u p s ( R s ) (%) s o u r c e s (%) c r e d i t (%) c r e d i t (%) (%)
S h i r a p u r
1
L a b o r h o u s e h o l d s 8 6 2 9 100 75 87 75
S m a l l f a r m s 1 6 3 0 16 8 7 5 0 75 38
M e d i u m f a r m s 2 1 1 2 35 9 2 6 9 77 6 8
L a r g e f a r m s 2 6 1 4 4 0 100 8 2 6 4 73
T o t a l 1906 1 0 0 9 5 7 0 75 6 6
K a n z a r a
2
L a b o r h o u s e h o l d s 1 4 0 1 12 0 12 0
S m a l l f a r m s 1385 17 8 0 7 3 33 95
M e d i u m f a r m s 1773 16 1 0 0 100 78 82
L a r g e f a r m s 9 0 4 4 66 8 7 8 7 12 97
T o t a l 3 3 1 1 100 72 67 35 9 4
A u r e p a l l e
3
L a b o r h o u s e h o l d s 6 5 2 2 1 0 0 0 1 0 0 0
S m a l l f a r m s 1999 17 9 3 7 9 3 52
M e d i u m f a r m s 3 7 5 0 21 100 11 1 0 0 15
L a r g e f a r m s 9 7 5 6 60 9 1 3 6 8 2 59
T o t a l 4 2 7 8 100 9 5 15 9 3 4 7
1 . S h i r a p u r v i l l a g e , S h o l a p u r D i s t r i c t , M a h a r a s h t r a S t a t e .
2 . K a n z a r a v i l l a g e , A k o l a D i s t r i c t , M a h a r a s h t r a S t a t e .
3 . A u r e p a l l e v i l l a g e , M a h b u b n a g a r D i s t r i c t , A n d h r a P r a d e s h S t a t e .
Economics 341
S i m i l a r l y , i n s t i t u t i o n a l c red i t is o f ten used f o r
cu r ren t c o n s u m p t i o n .
Defaul t in Repayment
I n cont ras t t o i n s t i t u t i o n a l c red i t where repay-
ment per iods are exp l i c i t l y f i xed, no such te rms
are n o r m a l l y specif ied f o r p r i va te c red i t .
D e f a u l t i n g is there fore a feature m a i n l y of i n s t i -
t u t i o n a l c red i t . I n K a n z a r a and S h i r a p u r , where
i ns t i t u t i ona l c red i t accounts f o r m o r e t han 6 5 %
of the t o t a l c red i t , the percentage o f d e f a u l t i n g
bo r rowers is h igher (57 to 59%) c o m p a r e d to
Au repa l l e (17%) . I n S h i r a p u r , overdues accoun t
f o r 9 6 % o f the i n s t i t u t i o n a l c red i t w i t h an aver-
age overdue o f Rs 1854 per de fau l te r . In K a n -
zara, overdues accoun t f o r 6 7 % o f the t o t a l
c red i t o f defau l ters w i t h an average overdue o f
Rs 2990 per de fau l te r . In A u r e p a l l e overdues o f
the defau l ters cons t i tu te o n l y 2 5 % o f the t o t a l
i n s t i t u t i o n a l c red i t . I n b o t h S h i r a p u r and K a n -
zara, the share o f the coopera t i ve society in t o t a l
c red i t i s m o r e t han 4 5 % and its share in t o t a l
overdue c red i t is 60 to 70%.
Borrowers' Characteristics
We analyzed the de te rm inan ts o f i n t e rhouseho ld
di f ferences in c red i t demand by regressing the
to ta l v o l u m e o f credi t on persona l character is t ics
o f househo ld heads and resource -endowment o f
househo lds . Regression results measure the
extent to w h i c h i ns t i t u t i ona l c red i t i s concen -
t ra ted in the bet te r -endowed househo lds w i t h
bet ter educa ted , o lder househo ld heads, larger
fami l ies , and larger fa rms .
T h e v a r i a t i o n across households in the use o f
cred i t f r o m the p r iva te m a r k e t was less we l l
exp la ined by these var iab les. Genera l l y , house-
h o l d heads w h o rel ied m o r e heav i ly on p r i va te
cred i t were those w h o f a r m e d m o r e and bet ter
i r r i ga ted l a n d , were less educated, and had fewer
l i ves tock .
Cred i t d e m a n d tends to increase at a decreas-
i ng rate w i t h land area up to a b o u t 9 ha o f
ope ra t i ona l h o l d i n g . T h e re la t ionsh ips are qu i te
s im i la r f o r i n s t i t u t i o n a l and p r i va te c red i t .
W h i l e i n s t i t u t i o n a l c red i t decreases w i t h assets
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I C R I S A T studies of the credit marke t in I n d i a n villages showed that inst i tut ional credit is concentrated in the
better-endowed households wi th better-educated, older household heads, larger famil ies, and larger farms.
of up to Rs 2 6 0 0 0 , a d d i t i o n a l assets are asso-
c ia ted w i t h m o r e c red i t d e m a n d . P r i v a t e c red i t
increases w i t h h ighe r assets t h r o u g h o u t its
range.
Househo lds w i t h h igher assets tend to have
l o w e r repaymen t p e r f o r m a n c e . H o u s e h o l d s w i t h
la rger fami l i es a n d m o r e dependents were m o r e
p r o n e t o de fau l t . F r o m o u r s tudy w e c o u l d n o t
i d e n t i f y the i m p a c t o f house-head gender on b o r -
r o w i n g behav io r , bu t females appear to have a 
somewha t bet ter r epaymen t reco rd t h a n males.
Nutri t ional Focus of I C R I S A T
Research
W e rev iewed I C R I S A T ' s research a p p r o a c h a n d
p r i o r i t i e s as p a r t o f a s tudy to h i g h l i g h t the n u t r i -
t i o n a l focus o f research by the Consu l t a t i ve
G r o u p o n I n t e r n a t i o n a l A g r i c u l t u r a l Research
( C G I A R ) centers. T h e rev iew ind ica ted tha t
I C R I S A T ' s research a t tempts t o i m p r o v e the
n u t r i t i o n a l status o f peop le , m o r e by increas ing
the a v a i l a b i l i t y o f f o o d than by i m p r o v i n g its
n u t r i t i o n a l qua l i t y . A c c o r d i n g l y , n u t r i t i o n q u a l -
i t y i m p r o v e m e n t ( p r i m a r i l y i m p r o v e m e n t o f
p r o t e i n q u a l i t y ) , const i tu tes the p r i n c i p a l ob jec-
t ive o f o n l y 8 -10% o f the research pro jec ts on
var ious manda te c rops . A b o u t 34 to 7 5 % o f re -
search pro jects cove r i ng d i f fe ren t manda te crops
are p r i m a r i l y d i rected to s tudy y ie ld reducers
( d r o u g h t , disease, pest, insect, etc.) (Tab le 18).
I n -Serv ice T r a i n i n g P r o g r a m o n
P r o b l e m I d e n t i f i c a t i o n a n d
T e c h n o l o g y E v a l u a t i o n
A 5-week in-serv ice t r a i n i n g p r o g r a m was he ld
f o r economis ts p a r t i c i p a t i n g i n i n t e rd i sc i p l i na ry
f a r m i n g systems research in the S A T . T h e seven
pa r t i c i pan t s came f r o m Bang ladesh , B u r k i n a
Faso , I ndones ia , K e n y a , M a l i , N i g e r i a , and Sr i
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T a b l e 1 8 . Percentage d is t r ibu t ion o f I C R I S A T ' s research projects on d i f ferent crops by m a j o r object ives
( 1 9 7 5 - 1 9 8 2 ) .
C r o p s
R e s e a r c h o b j e c t i v e s
S o r g h u m
(%)
P e a r l m i l l e t
(%)
C h i c k p e a
(%)
P i g e o n p e a
(%)
G r o u n d n u t
(%)
R e s i s t a n c e t o y i e l d r e d u c e r s
P h y s i o l o g i c a l c o n s t r a i n t s
Pests
1
21
4 9
13
38
10
2 4
8
36
17
58
A c t u a l y i e l d i nc rease per se 5 15 18 8 4
G r a i n q u a l i t y i m p r o v e m e n t
N u t r i t i o n q u a l i t y
C o n s u m e r p r e f e r e n c e
9
5
10
5
9
3
8
2
—
O t h e r s
C r o s s l o c a t i o n a d a p t a t i o n etc . 11 19 4 2 38 21
T o t a l 100 100 100 100 100
A c t u a l n u m b e r o f p r o j e c t s ( 3 8 ) ( 4 0 ) (45 ) (51 ) ( 4 2 )
1 . I n c l u d e s r e s e a r c h p r o j e c t s o n d iseases , i n s e c t s , a n d S t r i g a .
L a n k a , and a l l had at least a bachelor 's degree
and some f ie ld exper ience in a g r i c u l t u r a l
research.
T h e m a i n object ives o f the t r a i n i n g p r o g r a m
were to enhance the ab i l i t y o f the pa r t i c i pan ts to
iden t i f y cons t ra in ts to ag r i cu l t u ra l deve lopmen t
i n the S A T and to evaluate means o f a l l ev i a t i ng
the cons t ra in ts t h r o u g h techno log ica l and i n s t i -
t u t i o n a l change. We also a imed to deve lop the
pa r t i c i pan ts ' f a m i l i a r i t y w i t h pr inc ip les a n d
methods used by economis ts in i n te rd i sc i p l i na ry
a g r i c u l t u r a l research. T h e t r a i n i n g p r o g r a m also
was in tended to s t rengthen l inkages between
socia l scientists a t l C R I S A T Center and those
w o r k i n g in na t i ona l research ins t i t u t i ons in the
S A T .
We covered the f o l l o w i n g areas o f econom ic
research in dep th d u r i n g the p r o g r a m :
pr inc ip les and me thods o f da ta c o l l e c t i o n ;
o n - f a r m research;
site desc r ip t i on f o r t echno logy des ign;
y ie ld -gap analys is ;
a d o p t i o n studies;
budge t i ng methods and the i r app l i ca t i ons ;
Afr ican trainees watching an Ind ian craftsman repair
a t radi t ional bu l lock-drawn blade har row.
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w h o l e - f a r m m o d e l i n g and m a t h e m a t i c a l
p r o g r a m m i n g ;
e c o n o m i c assessment o f new techno log ies ;
i m p a c t ana lys is ;
m a r k e t i n g studies; a n d
a l l o c a t i o n o f resources to research.
T h e lectures were interspersed w i t h case-
studies a n d vis i ts to v i l lages and f a r m s . T h e
response o f the pa r t i c i pan ts encourage us to
repeat th is t r a i n i n g p r o g r a m .
W o r k s h o p s , Conferences ,
a n d S e m i n a r s
Workshop on C o m m o n Property Resources
A F o r d F o u n d a t i o n w o r k s h o p o n c o m m o n
p r o p e r t y resources research was he ld a t I C R I -
S A T Cente r , 19-20 J a n u a r y . C o m m o n p r o p e r t y
resources ( C P R s ) , despi te the i r va luab le ro le in
f a r m i n g systems, are one o f the mos t neglected
areas b o t h by researchers and p lanners . 1 C R I -
S A T t o o k a n i n i t i a t i ve i n u n d e r t a k i n g research
on C P R s i n 1982. In f l uenced by th is w o r k , the
F o r d F o u n d a t i o n dec ided t o s u p p o r t research
on C P R s in several areas o f I n d i a . F o l l o w i n g a 
request t ha t I C R I S A T shou ld o r i en t o thers i n
the m e t h o d o l o g y a p p r o a c h o f C P R research, 15
researchers engaged i n F o r d F o u n d a t i o n -
suppo r t ed C P R research were i nv i t ed t o the
w o r k s h o p . A t the mee t i ng , the m e t h o d o l o g y a n d
a p p r o a c h to the p r o b l e m s were d iscussed, and a 
mechan i sm was w o r k e d o u t t o ensure c o o r d i n a -
t i o n o f research a n d a pe r iod i c exchange o f
resul ts.
L o o k i n g A h e a d
Emphas i s o f o u r f u t u r e w o r k i s sh i f t i ng f r o m
cons t ra in t i d e n t i f i c a t i o n to assessment o f
op t i ons f o r o v e r c o m i n g cons t ra in ts . W e sha l l
suspend the co l l ec t i on o f v i l lage da ta i n I n d i a i n
progress f o r the past 10 years, b u t we hope to
ar range v i l lage studies i n c o l l a b o r a t i o n w i t h
o the r ins t i tu tes . We w i l l a lso increase o u r e f fo r ts
to assess techno log ies in f a rmers ' f ie lds in in te r -
d i sc i p l i na ry c o l l a b o r a t i o n w i t h scientists f r o m
I C R I S A T and o the r i ns t i t u t i ons .
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